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- Passive control 0.26 0.32 14.8 0.47 5.8 0.51 20.5 0.64 10.3
Uncontrolled 0.81 --- 31.7 -—- 11.3 --- 32.0 --- 0.0

\YY



o S (55,3 =F-¥-0
Jold) e (55531 Sloj gwly o555l oo S MR-HSRD 51,0 5 Slos (o) jskain &y
Al 55l 5 jeSms (ol Lawg 0ad Al (6551 (el (6551 e otz 55 899, 55
wl)) ont axlllae sloall; sly Y) -0 UK 5 Yo -0 JSib 45 (MR-HSRD 1,00 Lawgs o
5 ety 555 (st 5550 Egome il alind 2 43 s 4 (955 555 s Sl S
o S glapiam o o] placs 53 S350 slapplSe dlanly 4 oo Gl slags,
aaly 4 Ygons a5 bapsilfe (spm Sl ooliiul b (il Jos 0 ples & (59959 555
4 diy 058 Al e 929 4 sloles 5 g slosle Slaglall o SVl slo S i
5 9098 JSie s Wiy 585 5l ojle 9Ses b g (el Conl S o KL nnd Sy
& o)lped mian 4 6399 $55 Ol SEALS Bl £L3I Sgzg o5l I eslaiul el Slas
boablio (ng Glapimpn 25T a5 lasS @ ol grhae alily b ablie la,lol, 51 (S (lgse
2 (slosle slaplall 1 (5551 I JUEI L 5 s &2 (539,555 Olie 015 53 (or 4135
oot |, o Scme ol 30 yieS (sloslor sliml a3l DS 0 45 el b 0ilo (slojl jud lingars
S il oals Jow o SVl O jao @ o5l L8, Gdsd cpl o a5l a daxgi b digd
Oliee i Slone Ko (lye @ Ll el onis a8 57 5l 5o ol Sl d sla S s
wd)S Sl 5o glojle piucs ;o (g5, B LS L gl Wil ge ol Al j9Sny (555
D g

(AMA oK) asS ajly Cond aS0gh 0 ondlive 7z g o (Y -0 SO 4 axgi b
JrS s ) g9 Jog s ahad S (enlal 5L S laghs, j0 s 40 (6399 855! liee
3 &5 DUl lolis wilgs o gadge (pl 4 Conl Al 1alS 09> 4 ¥ g4 Jog g s
g Sl ool Al S0 Jawgl s 4 (699,9 (555l oves aS QT o 23 JublS ) e
s 5 JUd e 35S by, b denlie ;0 jeSns e il bawgs ool Gl (655 ope
Uy g edgie saalie 5Ye —B USE 5 45 55b clen ol oad o5 [l st S

s95mm g pyelSe alawly 4 ool Al (6551 ried § s 4 (635,585 Gl Jld sl J S

\YA



ol bl o Slas oaimo ylid a5 cosl axils ol Sl eais S o5l 4 s o5l o
ol 5550 5 4l | J S g
Sy, pled ;3 piue 43 (6395 8551 Oliee 4T S5d oo onaline VY -0 S5 0 285 L
Jog 9 ahad J5S g (oerhat b 5 by j0 &5 sk 4t il 8l o9 4 (S
ohgy 4 bae a8 -V -0 S o col adl, malS TV sga> 0 (69955 S5 Ol Vo9
E3o50 (ol 35 038l (63555 (551 Ol o slalizdle HB alS i ol Jlab i J 25
S Gy Sl eslanal adly dlly il Sl Slaclid Cuos 4y (oS3 Jlassl 51 (226 wilgs oo
asl /Y @ asl ) ol ax e SO ojle oyl ley elS el Ki/K=) cans b Jlad e
V-0 S8 5 (s s ol L plegd i)y it el ik s B b gl
a aydy pl cod adl Y ool loy b slojle 4y ool Jlesl QLS (50 a7 048 0 cmlive
4 6399 5Pl el el gadge (nl &S ol 4l ) ol olej b lojle I e ol
W 0555 0939 pac JJo & Jb ol bl oot ols djl5 cpl jo ol ax 0 SO piacn
P38 fawgs (fml Ghsy (nl 5o a4 (69959 (555 odee (Sl J5US bg, 0 (655

D9l (glojlu yuf g Slojle el el Wilg oo aS 0l A5 55y ol o

AR



40

35

30

25

20

15

Energy (N.m)

10

40

35

30

25

Energy (N.m)

Input Energy
Kinetic Energy
Strain Energy
— ~ — Viscous Damped Energy

****** Damper Damped Energy

10 20 30
Time (sec)

(<)

Input Energy
— Kinetic Energy
Strain Energy
— ~ — Viscous Damped Energy

****** Damper Damped Energy

Time (sec)

()

40
35 Input energy
Kinetic Energy
30 Strain Energy
— — ~ — Viscous Damped Energy
§ 231 - Damper Damped Energy
= 20
20
S 15
m
L O — e
5
. o]
10 20 30
Time (sec)
(i
40
35 Input Energy
Kinetic Energy
30 Strain Energy
= s — ~ — Viscous Damped Energy
; 230 - Damper Damped Energy
2. 20
20
= 15
m S I
10 v -
5 ‘J
0= R
10 20 30
Time (sec)
(@
40
35 Input Energy
Kinetic Energy
~ 30 Strain Energy
; )5 — ~ — Viscous Damped Energy
E’o 7 -
= 20 -
rfl 7
= 15
5]
10
5
0
0 30
Time (sec)
(=)

IMA oSl (Y290) @S al3)5 o o] ax 0 G piamwr IS (5551 T T AR LW
JAS o9y (@) ) g9 Jrog g @dad J5uS (g (@) oonais 5 J5uS (g, (W) K=K (234
25 S (9o Jlb et J5S g, (9) Y g5 Jos 5 ol

V-



Energy (N.m)

Energy (N.m)

30

25

20

15

30

25

20

15

10

0 5 10 15

Input Energy

Kinetic Energy

Strain Energy
— ~ — Viscous Damped Energy
****** Damper Damped Energy

Time (sec)

(<)

Input Energy
Kinetic Energy
Strain Energy
— ~ — Viscous Damped Energy

****** Damper Damped Energy

20
Time (sec)

()

Energy (N.m) Energy (N.m)

Total Energy (N.m)

30

25

20

15

10

30

25

20

15

10

30

25

20

15

10

Input energy
— Kinetic Energy
— Strain Energy
— =~ — Viscous Damped Energy
****** Damper Damped Energy

5 10 15
Time (sec)

(AN

Input Energy
— Kinetic Energy
— Strain Energy
— ~ — Viscous Damped Energy

****** Damper Damped Energy

5 10 15
Time (sec)

@

Input Energy
— Kinetic Energy
— Strain Energy
— ~ — Viscous Damped Energy

20

Time (sec)

(=)

o oIyl (VAAR) Lyl a5 s ol a5 Sy iemres S (55,51 (sile gosly Y - JSC8
@ ) g5 Jog g ahad S5 by, () ool Sk JuS g, () K=K (389 (9350 58K
0ads JyuS (@) (Jlad s J5US by, (9) 95 g g e J S b,

VF



s il g sz (6553 Eg0mme —V-F-0
e e A YT =0 S0 5 VY -0 S0 30 s il 5 (o (6551 5020 Sboj aly
Egoe el ol ools lid (S 3N aw olSis]) Lo pleg) 3 IMA oSis]) @S sladl 35
Oliee i lp lre lgie 4 Wl oo @Bly 0 (piamr 655D Jomdly 9 (ciiz 55
Sezg pas Dygo 50 (Seelnd Glapiuns )0 05 18 olitul 5 )50 i ;0 9250 (555
Sos8 Sppo g oad o RS 4 Lo Jeuily 5 (iim (6550 el S ol
w1 055 0)lgan a5 |2 il cod BT gadg0 ) Jes ;0 il s lad ) 4dBy ey i
Wy oo i BB93 Lales 5 65,50 BT Eacly a5 W Sgzg v g lgp Cenglie «SSlasl wsile
i slp Glen |y gl Job 50 pes Jomily 5 (ciiz 6551 Egomme 28l Gline (0l o
Sipl 5 SosS polde ol JI8 Sbl ojae caiaw jo a8 (IS 4 (6551 BN 0505 o, Sles
oo 5 48 1S 4y (655 B 030l caslin 0, Sles caime lis WS oy ialS ey e

&5 wlandly ady IS a4 JuS sl by, a5 sad e cdalie YY -0 o 0 cds b
3o e (555 Vos 5 s 2olS Sy 4 IMA olSiusl) asS a3 o |, P
Lhad g conl Al pewlio 0,8los Jld e 08 g, aiz e Sl alils ialS (6550 Ojge
Lol ools jmalS ) w65, jlade Sl

ke wleadlys S5 slogbsy pled i (0558 au ol by plog) U3 50
46 A CB3S Sl an e 6551 45 59k 4 wies AalS S pin b ) e 655

] 00 R8s pons § 00D 2o

VFY



20 \ \

Resetting control
Switching control type-1 ||
16 - s Switching control type-2 ||
""""" Passive control
Uncontrolled

18

14

12 F

System energy E+E (N.m)
)

[\ £ @)} e e]
T

15 20 25 30
Time (sec)
255 3y cow ol Az o Sy s iz 5 iy (6551 50me Sloj sl VY -0 S
K=K &85 IMA o5l (V440)

16 T T T
Resetting control

14 Switching control type-1 H
s Switching control type-2
""""" Passive control H
Uncontrolled

12+

10+

System energy E +E (N.m)
oo

1~
]

LIRS e

1
-

v
6

Ll T TP T PP TN L

8 10 12 14 16 18 20
Time (sec)

A3ty cou ol Az )0 G i it 5 Jesly (6551 Egemme Siloj Gl -YY -0 IS
Kd:K 6'35 09&"’)@ AW oli»...u‘ (\ ‘\/\‘\) b.’))LAjJ

\FY



& & , é

4 30 5o jlw (s0us (5 jlwdamw
cxi MR-HSRD g 55 o
S99y 059> s )



doddo —\-F

Suop 039> sladl iy o MR-HSRD (sla ST, 4y jome slovojl grwly (w0 4 Jad (] jo
039> saljly 5 yme ;9 MR-HSRD (gla 51500 o, Shos aalr (b)) jskaie a2 095 00 a3l
3l co MR-HSRD (gla ,S1pe ay jomme aieb 10 5 Vv b slaplaisls glog,) Jld, (oo
Slaglaizlo cul 485 15 w)p 3550 lag] Gl 5 oad (silwand Kooy 05> slaal;
Gl 9es g2 Wilgs oo 45T Al oo Wil 5 Jawgie 0l laojle Brre o 4 addllas )00
Ol YA+ asbioml Gillas baplaxsls cal jslaie (pay ojle hled s gelz j5b & ) o510
Ol oo e & arg bl oad o)) wlipnl glacysgame 4S5 oad (b
S, Sk & bplasle 51 S e Gl ool (S adlas 5)5e0 glaglezsl

] 00 6)L«.0J».\A G 90 Uygo 4 g oA g.:l.‘?r.u‘ o] uLo.‘.‘>Lw

MR- s 5110 4 3ox0 b 10 g Ve B Slosslw OB gluJow -V-F
HSRD

LAy bl ouls gilw Joe SGop 059 slrdl )y c Seitle sl jLs, oy ol o
Sy SYolae Jo it slaigy (09 poley 9 (swyp Oy50 SIS Slapiens (S
3 oskaie (pay 09l ce ool

o glad o aslllae 3,50 cloojle L3, o5l Jow (ly Simulink™ g MATLAB™ |53la 5

el slad il doe Loy, 5l qedlil a0 six sl

by 4 dly peé g s SV O go 4 ol L8, gdss Gl 4o el oad oolinul
Py 3l ale Wb a5 0 15w jo a5 jsb les wis, IS 4y S lahy, aleats 558
(ol pogdle Vg9 Jog g ahad JyUS ey 9 ) 95 ey g gl 5 by eeea 5k S
4 Sl (Son oS (Col dy S J705 500 &5 Gloy) Jd e 508 Sl 0 Sl )13,
Sgo e Sl Jlbyed S8 cdl o celond ) i il Ss7s 4 Sle b 25 o

5 S 5l Jleb et SRS g, 5on L s (s & o] i 5 00,5 Jas 5 S,

195 State-space
166 Time-invariant

\Fo



Cel glo ) gy G2alS (sl (ot (93938 GBS (guyp )] 9 il Copenl ol il e o S0
Slojy gl @l boad 53 JS oty plo olyen a4y (g, (nl @l Guiixd (ol jo a5
el 00l ds e s0uis JrS o5l

> glas gy 4 sle o -\ -Y-F

Seslawl b oodomn (Sl slapicen Juloow glp aiad o8 Sass S adl glad g,
GYL e g i Sl B0 ClS 5 gy ol sdes Cu e O] piaew Sl oBaso
5 Flozus sla Xasle sl oolaiwl b wilgs co a5 Cosl gl 30 oS> il ins OYoleo >
iy, o Sl glad hgy opl g oogdle e ploul cilaidl drwgs jelaie s aS oleli8le
9 b e Slaptuc )3 o0 g (ot Glapiuns ;0 00 &5 0)lo 1) (pl bl g 03gr gl Lo
Y] 555 13 ol 90 oo 0 iy b b 5l 5 Slagioncs (mn
503 Okt 25 Dyzo @ Olgiee ) il Az o s S 25> S alole

MXx +Cx +Kx=F(t) O -%)

X 9ooy(nxn)Mﬁbw;ﬁus@‘ﬁsﬁ?dhﬁwﬁbw;) MKﬁC‘Mu‘)QJ

LQL‘bj)-’-’ )b).; F(t) ! AT Lgé‘)—‘ g_)l.‘>)o ‘:L?Ul? 9 &€y sg_)l...w L;La:)o,; el A X g X
L s s 0 055 Jlael sl &y 3 b by sl ol S, 5 s &y 85 ool oo 5

13905 (ougiik ) p 8 @ Ol ) (V 7) dobee ums oo Aalei U LT, () byl o] s o8

X =X
Y -%)
X=-M"'Cx-M'Kx+M™u

s wolg> 1) O hge 4 (Y -F) dolee cdl> slad ooy

X 0 | X 0
2] -M'k —mcx) M ! T
i STz e e Sy el (gl ole z=m , Z=H sl szl b i yas
X X

1ges G Jso 8 p) Doge @ Glgie | Gloj a4 il

167 Time-variant

\¥#



z(t) = Az(t) + Bu(t)
y(t) = Cz(t) + Du(t)

el 20 s b Sl sl o o Z

Sl P o b g S o3Il BB slopiis oy

Sl M s b 2955 9 (IS sl prie Sl pu

A cR2V20 g c R2vm a5 B g A sl e

CeRPPLDERP™ i i 1eD 5 C sl ile
Sl pxin Jig ez Jol> (y) el (6 So3lwl sl pxio lea b (29,5 o (F-F) dlolas o
5 Jledor oS ) pan lacdls a5 il (339 G pile SO C G ile sl S J S
e 1487 (T o a4 sled oo oS 5 1) J ST (69959 45 Canl (39 o ple SO D e 5le
i D il Sig sie BB UL §(1) e on o u S8 e e
Lad g, 5l Ygane Waoslu J5uS cwiige ;5 900 48,5 S5 10 o pln lee slas S

S go odlaiwl al g pid YU Cond o a5 Il

ol S s (65l Jho =)= )-F=F
S Sy by Jde wai S plasle K gl s slas c¥oles arws jelite 4
AT lp 9% w5 &S Jae (al 50 e S o0 ShE 0 ) F USS Bl ) dib win Slexsls
bsgs g wloads 55 50me Sl 55 50 lapyr aldS a5 05000 (28 Col Glaitle lapincen
ot K0Sy 4wl (Bl sla)l cod lapge j3, Kby &5 Sl g 38 G S
5 00g b Olab p> b awslin [0 bgiw py> a5 Cul Canyo ole Olis,yd ol ailoads
Sl o2 )0 bogiw pyz Jas ;0 Wgls S8 50 Jlars 5 000l )13, Clo & j90 4 Sl
8 (slojlr ot (sl32 5 jlans dnppgins alawly 4 Bpo 0l Joko (gl s 5 (i w055 50 Ll
Dyge & Gleen |y pies (K) (5 5 () le « (M) o2 slogm ile Sl cnl o ol

‘rﬁ)‘*’ V-2 S sollae ,alic\ii.?bLglﬁ gy Joles Q;;,;‘;gng.o)ﬁ—l Cawd & )

\FY



m;X; —¢;X;_y +(¢; + ¢, )X — ¢ Xy — KX + (K k)X o %)
—Ki X =y

(».\.wl.»b.o ).O.o ).3‘).3 ;io&/ u.w).sLo 00 B> LQLQ w2 > )

- . c+Cy,  —C,
m,
—C, CytcC; —C4
m, ) .
M= .C= —C CtCiyy —Cy
m; . .
- Cn—l Cn—] + Cn - Cn
m,
- -c, c
k+k, -k,
-k, k,+k; -k
K= -k ki+ky, -k

7kn—l kn—l +kn 7kn
_kn kn i

S o 45 035 k5 iyl S M e 5o disdlo (8 —8) Wolee 45 jsb les
5) aslre ) ool b lgice |y A L silo il o (6,18 dws slopm ylo K 5 C (slo s o
Slgys & bgrye g S (S0 45 30 gt o 5l i Ygana B ile 5] oo ) (1
Loyl sl jo e (88 Qlil alawly 4y ool Jlosl (slag s aile) conl o5l a5 ooy Jlacl
5| olnygine Sgei dmsle (F —5) aobre 5l oolitl b lsice [y B ua ple (0L 51 bl (slog s
Bas Gl b (gl Cl oS e b g b )STe (J5S lagyd Sl @y boaye &5 B 5ls
i |y (S8 Gy ps Jloel Joe oS Cnl ($hgdnss 55lnl SO B mple &5 Wgd o5
SO e kadd ) -F S (0 ead ool lis dab wix laisle ST e 6l g sles o
aheb & byype oolil az o iz 4 oolil Wl pla sl B G ile il 5l aib o 5 e
S 50 ag ol e K 3 b cenlite iwl |, € unple g sales jio il 5]
plad & prlins (s yiwd gl a2ly G ile Syl eolitul G le sl ceslie Sl
o (sl yiie (o 4 bosiitns (25,5 iie 8 S0 ol 53 ol s > sl it

YFA



C
— ns ki (xi —x%44)
G (X —Xi4)
< |
- — — — — — - < Story i —>
. (;I(X1 X; 1) |
" <K% —=xip)

C,

pllaib o lag s Jolbes 5 (J 58 pices 28 abl iz Gloidlo OB Sy (GO Joe ) -7 S5

e A8 a2l n Glaisle SO Gl glad OYoles wads wl)l Glusg 4 axgi

S lslas b b3 g5 &y |y Sl 58 U3 S oo o S
5l el OLle ezl

MX + Cx + Kx = -MrX, v -£)

g > slad dolee «(F -#) dolae cungisb bcasl V Glaaslo gn o b Yoy SO ol jo a8

@ﬁﬁumsgﬁswmwnumu S5 slp D g C B A sl sl

STRCER WS POR SR IEATT]

1¥4



z(t) = Az(t) + Bu(t)
y(t) = Cz(t) + Du(t)

0 X I X 0 x1
o IR -
1 0
u(t) - Xg ? C2n><2n = s D2n><1 = [0]
0 1

MR-HSRD (sl ,peo 40 jgzmo oud JpiiS ppies (&b Joe —F= 1= F=F

% - \PA £y . . . e .
IS Gillae 0950 H9me w2 gl paes S Lawgs &S MR-HSRD 5150 51 Joe S5

5O 05 o0 odlive K& )0 4T g 9b len 0gh o a8 )T Sla5 o lwl 0ul ceal o3l 0 ¥ -F
5 03,5 Joo Gy j8 50 Djpe 4 ole i 9 MR-HSRD S50 dcgome il 2
Lpli aids )0 (9,98 ainlen (5w STl dils 5t b (5lge 90 4 Loy ol (250
did ;5 sl piaemMR-HSRD 51,0 dcgorme Jolao (5w o8] g ools islaiky,

5l el @ )le ol

__Kaike;

= A -
kdi +kbi

hj

e 9iylee s (B ST sl ol 1 daids ;0 MR-HSRD 31,0 5w kg, ol jo a5
Sy dcgozme Jolao Sxw olfQT (0o 3l Jiw) wilb MR-HSRD S, soew 5l 535
B8 ki s ol 4 MR-HSRD 31,0 s ol olgs oo |y (g0l powsMR-HSRD

R

khi = kd1 lf kb1 >> kd1 (\ M —?)

18 Chevron

VO



3 oles a5 s I, Ly o5l 4 (gus e o (SFew 4 Cowl 00l (5,8 udzd (pl yo

Sgas oolaiul (A -F) dolee sl> a0 (Vo -F) dloles

o kdi+ll(xi - Xi+l) - (Xsi - Xsi+1)J
<K (X —Xi41)

Cir1(Xj —Xi41)

_ miiii . ui
< Story i —>
m3 . .
_Gi(Xi —Xi)
c, damper, <
ks k(X —x4)
al
kdil_(xi — X)) — (X — XSi,l)J
m, «
c, damper,
kz
m,
c damper,
1 k1

Jols g MR-HSRD (sle 51500 &y joome aito sz Sloislo QB Sy c2p Joo -V -7 IS0
T aid )0 lag
Jas MR-HSRD sla 51oue 0 jeome loislo oS sl cdlo slisd c¥olae dnms sl
|, ailoss e o] liks plas o MR-HSRD sl 51,0 o 2o sz loxsls Ol S, 5,
o V-7 USS Billas pli a6l lag o Joles (5digh b oo o8 o0 S5 50
A

m;X; — Xy + (¢ + ¢ X — CipiXipy —KiXiop + (K + ki )X — kx4

—kg; Xy +(kg; +Kgi, )X — kg Xin — kg (Xg; = X6 HKgin Ksiag — X)) =44

i ail 3 MR-HSRD S|, (ygtas Cosdgo X, 3 MR-HSRD S| 0 t5ew kg o] ,0 oS

Sl el ks ol 1 ails 30 ST e g8 ol ol

VO



Fy; = kg [(x; —x59) — (X = Xg; )] AY-#)

i 2l b plp pl 1 aib 0 gty jugs (oo (2l Sl od i 5L abiod s

G947l 0 g ab daled (X —Xg_ )= (X —Xi1y) K0 Sile 4 b ogdoe pl 1 adb
Bedioe ho ply S

Sy s oS |, Y -8 IS8 40 e eols i aiib 0 ylaisle 8 > E¥olee s yilo o5

Cbg ) Oye0 4 led o (VY-F) dolas 5l oolaiwl LTy a8 )3 1,8 al 35

MX + Cx + (K + Ky)x + Ky X0 = —MrX Y -%)

g
Xogring 9 (ommmaw sl Gl olbuls g ce s wols Glalopy cudp 4 x g X X ol oS
Flre G938 ol pp ol it Slib 0 Sl g o 93 (oo 2bmlr oy
5l cenl Oyl

Fy = Ky (K = Xqarin) Y -%)
ol Slids s ool o p Xy ol jo a5
Clg gy Soge 4 gle s ) Ky g Ki K C M gl ile (VV-F) dlolas 5l oolaal L

(MLGA J.M ﬁ‘ﬁ ;ia.m/ L)“")"LA ol LBi> LSLQ e 3 > )

VoY



_ml _
m,
M=
m;
L mn,
_cl +c, -c, ]
—C, Cy+cCy; —cCy
C= —C ¢ +Cu G
—Chy Chytc, —c,
L —C“ Cn i
[k, +k, -k, )
-k, k, +k; k,
K= -k ki+ky -k
7kn—] kn—] +kn *k“
L *k“ kn i
(kg kg, —ky, |
_kdz kdz +kd3 _kd}
K, = —ky kg kg, kg
_kdn—l kdnfl +kdn _kdn
—ky, K, b -%)
__kdl kdz 1
_kdz kds
Ky, = kg kg
kg,
7kdn
foe Cewd 25 Sjge & S Xgun 9 Xarift SWl0R 9 Ky o sle
Ky Xy X1
Ky, Xy =X Xso ~ X5
K- K o : - : \¢ -
d K, s X X —%xi | Xsari X, -X,, ( )
lﬁdn Xy~ X Xsn ~ Xsnoi

o ile Ky g M (gly e ilo g oo alamdle (V=) 5 (10-F) S¥olas 0 a5 j5b olen

\OY



o Sl 4 jpzme dib 1 leisle K clls glas SYolee (F-F) abl, 4 azg |

(g b b a4 e |y Cal 4285 18 W5 G 50,50 o 45 MR-HSRD

AY -%)
2(t) = Az(t) + Bu(t)
y(t) = Cz(t) + Du(t)
A _ Onxn In><n B _ Onxl Onxn
2n><2n - - M_l (K +Kd)n><n - M_ICan ’ 2n><(n+1) - - Irth] - M_leSnxn
. 1 0
Xg .
u(t)(n+l)><1 = |: :| B C2H><211 = . Py DZI’IX(I’I+1) = [O]
sdrift 0 1

».\.’9».»‘54 ML?LA N0 -7) doles )"de 9 Kq K.LC M 6LQQ~JJJLO

0ads (5 il e Slettle slaols Clasis -Y-Y-F

adS il b s i3l Db 50 VA MXVA M slal s addllas 550 slalazsls

gl g fe 7 ol sladilas LGB Jlez 5l cuzr 2 50 9 009 Jyere (sed Db lapleaisbe
g ol adyS s qed Do 4 Ol alds (M wbead LSes e VIV LSS ol
aS odl B8 g 0og a8 bbgy b b Olid (oS o bl oo LS Gl den (6,105 L
o Ol £ cors balss el baolaisle cpl ol o 151,300 & g0 4 S ol L8,
b bl bl 5 bolesle sl >hb wlad 0L [AF] ol lasle
oo by ki i s b oasge sl [A0] (o)l YAC <o lasbenl) alyls ol 5o baolaxsb
o Ol Ve G ol sl (bt oud plxil g0 s S 5 lawgie Coen
5 Fookgm’ pln ey a4 Slib ales 0a) g 00,0 bl 43,5 O jee [A7] 1) olexsla
Ld Y+ ol iy Sse g,m 5 0ai; ,b o8 lie do s g el oad a3 5 Jlas 8 ¥ -kg/m’
ol 0 solitul IPE abolie 3l b, S sl 5 Box ablie 5 bacygiw S sl canl oo

ailoads 48,3 Jlai 10 gm0 LB e SO Djge a4 aS dallas 000 OB (K58 Slakie

Vof



odds aslllae sl Jol ve aw Colis yloj ¢ b IS d el oals &3l,I Y- JIV-F Jglam o
Sl oas ools LI ¥ -F IS o s

ik O GBSy Slasine ) -8 s

k; (kN/m) m; (ton)
1 44755.6 74.2
2 232994 73.6
3 18706.2 73.1
4 15753.6 72.7
5 11679.8 71.5
Aol Ve ol gi;,a Slasin =Y -F Jgaz
k; (kN/m) m; (ton)
1 68846.2 76.9
2 37304.9 76.1
3 35798.5 75.3
4 35798.5 75.0
5 33676.9 74.5
6 28306.6 73.9
7 22266.4 73.6
8 20273.3 73.0
9 14654.3 72.6
10 10471.4 71.5

b 10 Qb Sypb Slasie Y -F Jga

Al S a2

k; (kN/m) m; (ton)
1 97425.5 78.1
2 53019.6 77.6
3 51782.2 76.8
4 50832.9 76.4
5 49983 .4 76.3
6 48625.1 76.1
7 40409.1 75.6
8 34510.8 75.5
9 34510.8 75.0
10 323194 74.6
11 323194 74.3
12 25459.9 73.6
13 22266.4 73.3
14 16954.9 72.8
15 11805.0 71.6

VOO



15 £ T 10 £ 5 A
| | |
14 b — T - — - | |
| P N o o TR VR
BEF--d& - - - I - - - L - !
|
|
- &~ A - - — . Gl e e I e e S EE S
|
11 — T = = |
-
10F — =+ — R il B B -+ --- |
|
I T oF — — 2 [ V4 [E U
|
,,,,,,,,,,,,,,,,,,, !
2 z |
s Esp-——9-— -7 X9 F-7--
7 __4d = ‘
|
-—- A F-—-—-——rr-——+-—@¢AFE-+--— 244 -r¢ -——-1--- = - = =
|
R |
Y
,,,,,,,,,,, |
|
7777777777 e b/ ]
|
| —6— Ist mode (TI:I .94 sec) Ist mode (T|:1.22 sec)
b--q-- - H
I 2nd mode (T,=0.96 sec) 1 T | 2nd mode (T2:0v77 sec) 2nd mode (T,=0.46 sec)
| | —A— 3rd mode (T;=0.61 sec) | | —A— 3rd mode (T;=0.48 sec) 3rd mode (T,=0.30 sec)
i i i i - =
L5 -1 -0.5 0 05 1 1.5 -1.5 -1 -0.5 0 0.5 1 L5 E 0 05 1 1.5
Normalized mode shape Normalized mode shape Normalized mode shape

@ () (h
B () il B Sl (ll) onds anlllas glalE gl e dus wislis yle; ¢ b S5 da -F -5 IS5
ik V0 Ol () ik ) -

sl 5 G o2 Sl plo —)-T=T-F
dle (F -F) dslas 5l 5 009 S oads S g oad J3uS ol sl prx msle
P eyl 090 oo Ao (8 -F) dolae l oais oS Gl e gl 0gd 0
5 &had 5 g eeelas b S8 slagts; sl MR-HSRD sla 51500 & s slocls
IS gy sl ilise Cowd 2 (V0 -F) dolae 51T 55 Jog 5 alad J;58 (39, 5) e59 Jos
L Silge 45 18 Sy &9 Sos Slie g 039 Sl s (S oS (nl @z g3 b Jlab
g aib (S gex Jol> b plp il 52 50 gl IS (5w chilei oo Joo el abi (5
4 (V0 -F) dobe 0 Ky 9 K s jle 50,5 oz 5l lg o0 1 QT Saae a5 cwl Sl S5
2 8 iy o LAV] sst e alne Jlosge alime il 2 lime pmple 8yl Canns
S @l 1Vl T 5Slae ake 5 00 090 (el 3 L cesliie s o 50 (ol 955 0
abaly el T se (alie Somd 5 03,5 (28T plp |y Jl de alie o 358 g0 4185 15 )

D9 oo dmls )

& = min{o'o2 o; ,0.1} \A-%)

®;

\oF



23,9] Cawd a5y abasly 5l g5 o oo

_2§1(’31

C=Mo 28;0; o \a-%)

26,0, |

L olge Iy C Lmysle MATLAB 58l a5 50 .Cel o5l sla S5 e o jile @ o] jo a5
13 9] Camsd 4 gy ygiwd 1 ool

[V,Dl=eig(K,M)

wi=sqrt(D)

Xi=min((0.02/w1)*wi),0.1) (Y- -7
C=M*V*2*Xi*wi*inv(V)

5059 Sl n i 4D g Vigooe QB 5w 5 oy lagmle caif 4K g M gl 0 a8

el pli s gl Cand Xi g pl T e (crms (uilS 3 Wi oiies MK s jile o3 polie

o asllls o535 039 (slaaljlj Slasie —¥-Y-$

;> MR-HSRD (slo S50 ar 50200 sloosl (59, 52 Suo3 092 sbaalily S1 om)p jslae &
5 4 [ SAC o550 y3 a5 S0,b Suoz 059 alil; 0,05, V0 ol slaegome | o
wlS PGA sl 5% Jgaz o, 4y o ooliias] (gloall) laseioe «ans] o ooliul wlazs,
0333,5 w3 E=LY ol e o b badd )5 Sl il (b g ouls wlide < /YOE 4 a3
4 LmQT Tl b ol jen 4y ouls addlas sladly)y ool g Co Ol Sloy Fwl ol

el 00305 )| (W) dapend

VoY



oo aalllae Suo3 0j9> slaalj); Slaseie -F -5 Jous

855 o FEE DL b | W s ol 43;
M) (km)
7.1 8.5 CM92petr Vldg (AR PRAPPIIRER
6.7 2 EZ92erzi O3, (0847) V3
6.9 0.6 KB95kobj IMA (1430) 495
6.9 1.5 KB95tato RSt (1340) asgs
73 1.1 LN92lucr Ry (134Y) 5,0
7 6.3 LP89lex O 3N ww (13A9) s plogd
7 3.5 LP89lgpc VT g5 (8A%) Ly plog!
6.7 7.5 NR94rrs RANPRVICo (139F) zog 5 59
6.7 6.4 NR94sylm Ve 51545 (RF) zo 55 95
7.4 12 TB78tab b 0AYA) " o

S5l 4 e SLOB g ol S5 ol o Sdloe duglio -Y-F

503 039> sal3l; i MR-HSRD
MR-HSRD (slo 51,00 2 jazme slocols 5 oats J;u85 Glocls loj ) nly anslie (250 ol 5o
Syfles oy solaie ar el oal il (JS S )0 eald By Suo3 0j9 sladlyly o
B e ooelais 5L S sy, el bl loj ) o Shee (59, 2 ilie (J S sla s,
odd duslie oati JyuS OB b b Jld e J5S Ghoy 9V g9 Jog 9 @i ) g9 oy g
b 2le Sl ool sloj ) gl 285 50 Slime (5w Sl (o n jokate 4 iinl 2 ogdle Cunl
duolie johaite 4y .cewl ouls gilwJaw dids o 0 OB SBew LV e g LD AYO Jole s

ANA

St il Bllae lid kb e WS s el S i Gy ol (gloj ) 0 Slac

19 Mendocino
170 petrolia

7! Erzincan
172 Takatori

1”3 Los Gatos
174 Rinaldi

15 Olive View
176 Tabas

7 Drift

\OA



0397 9,55, 1+ Zow ol alS ln Sl polie 595 5 by B kb (b ad RMS
2 ly o @l delsl o a8 el 0000 5 (quyp S il slaghs; 6l o3
u,wL..uT T 6‘)4 6)l.o.b0 Q‘B"‘c EY C\.O.o-b RMS g_JLu.o w00 du‘)l PPy | 129 C;l.ﬁuls

I 42 At
aRMS = .leai A (Y\ —;’)
1=

il 0 Slasle OB -)-Y-F

oxd Al ol whie S35 0j9> slaaljly cod aib O QB S Ll mls 25 cnl e
el 4Gl /Y g adl /TP sl VY plp coy @ aad O OB ol e aw ol ey .l
polie gz ol ,0 ool oad Ll V-8 108 ooz 4o aib & OB iSTas clagely
Sl polie oy g aleb (3p RMS Ol (gllae QL «(gond Ol i (0 i yiS 10>
Jobie 4 ool o LIV g /0 YDl ciliee (KyK) s o b ol S1iae (sl
GBSl gl 4ol JiuS QB piSlas gl polie (DB Ful » e STae ST i dnslis
FSzsS polie g aidlioe dar ot (Ked ol Yl polie sl oad YL oals ]S

Hl o jle polie cpl Coslabg e J5uS (hy) s 3, Sles oaims lis

con
X

oo S QB Sl et 4y oals S QB S Tae S0yt Coand = — 1

X max

Drift:"

max

SB Sl ced By @ oad S QB Sl e (s s = Drifee
oS J)....S
ot J S Ol 5l 3llae DL 4y ond J 7S B ST sllae Gl G — DI

a max

con
ARMS

OM‘-J)A.ASUBIAS‘\A}RMS UL_M:AJOM J)A.ASU[B]AS‘\A}RMS UL.M: o 5 =

i J5S OB Sl bl iy s o S5 S Sl sy S =0

B Gloj ) Fae (yig 4 )STe S las pglie (5955 o = W

AIAR



el Zlminl BB n5 s VF-F J10-F Jolas o cdo b
s g1 o Sl 5 55T ol ot adllhe S5 sl s, plos 5o Loy
ol KoK s (ilidl b pals e cpl ol asl galS oo JuS clls @
i s 58T sl Gglate calie slad s sl o] Gle s e sl aidl
4 & &S 00 (oeeal 5SS gy 4 bgpe Sl oend obnle a5 (e
g aad S g, ol 5 o el ails zalS Y -TE0 sg0 ,0 s KoK Cas
Cand &y Ay &5 303 o0 (L 1) JiSTa> (oo plmly (Rl Oliee (i V 98 oy
Jog g ahad S gy 0gd o cdmline jialS ws s L1010 sgas o s Ki/K
gy 45 Jlab st S gy 05 e B s 4, 55 ey (285 1) INO LY g
A i ol 5 5 ol gl g LB 2alS  ele oSl S
sl plog) 5 IMA oligl-assS )y aile) 5 o)lge (S p0 o iy 28T 0o
b wilgl o gabg0 pl ol 00l TO-TVD 090> ;0 b o3z Slidl el (LuglE
o9y 5 o)lw 44 MR-HSRD Sl coew ol adlal o a4 ojle ol jesew
o A3y e S 3 oogams & oil ull5 5 JUal o e 5 asly byt S8

Gl Sgauin a5 azul Jg 09 oo odalive LS &g, B iSTas slae Ols 0,90 ,o @
Sled Bl Cel KoK cons Gl b dadll; STl a3, )15 a0 58 slaghy,
KaK=1 Cans sl baljly 25T 5,00 50 Lo, a5 (5,5b a4 iload OB STas slhas
ssb 4wz el adl, B 5T slagty, pled sl ASTae gl LS lad
cel JyuS slabyy b 55,00 (6,580 o) g8 aile ladl )y (S )0 sl
s3game 4y o3l LuilS 3 Jlal 5 250 Wl se a5 wload B 2Slas llas Slis pals

ik oS e sladl s ik (ol Sl

\fe



RMS bt mals o Jldpud S8 g, 5 & aid, 5 4 J508 slagss, plos o Lyl @

Ol ol oo Gl KK s ol 38l L RMS GLLs jialS ol g 09 oo colice

3 ok b S () 50 asdllas 90 alil; o Ka/K Co @y ey RMS LS falS

g &d JAS Ry 50 9 AV VD 290> ) ggi Loy g gad J5US Ghg, £ VO 390
el TNOIYD 5995 ¥ g5 os

ool OB iSlas by gy (alS cel hal); pled 0 ¥ gg8 Jog g a8 S8 by,

Sy Gl lime oy el 4l g3l KoK Conns Gl L (2l l5ae g o

9y 7 A IS slaghy ple Jb cnl b el (6,881 oinl) 458 a3l 4 by ye

\#)
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Control Method Xmax fr?;x Driftmax Drift?r?:x Amax arCT?sz arMmSs a(l:'\?las meax Vb%ogx deax Fd max
(m) xio o (m)  Driftee (MY ave (M) auc. (KN)  vbe (kN) W,

max max max aRMS

Kg=0.25K
Resetting control 0.227 = 0.72 0.057 0.70 1.43 1.00 1.41 0.76  1596.7 1.09 542.2 15.1
Switching control type-1 ~ 0.286 = 0.91 0.073 0.90 1.64 1.15 1.73 093 16139 1.11 322.6 9.0
Switching control type-2 ~ 0.283 | 0.90 0.074 0.91 1.28 0.90 1.49 0.80 14479 0.99 362.8 10.1
Passive control 0.311 = 0.99 0.078 0.97 1.58 1.11 2.67 1.44 18503 1.27 370.1 10.3
Uncontrolled 0.315 --- 0.081 --- 1.43 - 1.86 - 1458.6 --- 0.0 ---
K¢=0.5K
Resetting control 0.176 | 0.56 0.044 0.54 1.35 0.94 1.25 0.67  1694.0 1.16 895.0 25.0
Switching control type-1 ~ 0.258 | 0.82 0.064 0.80 1.74 1.22 1.65 0.89  1725.0 1.18 575.2 16.1
Switching control type-2 ~ 0.257 | 0.82 0.065 0.81 1.14 0.79 1.36 0.73  1446.6 0.99 725.4 20.3
Passive control 0292 = 0.93 0.074 0.92 1.62 1.13 3.45 1.85 22059 1.51 7353 20.5
Uncontrolled 0.315 --- 0.081 --- 1.43 - 1.86 - 1458.6 --- 0.0 ---
Kd:K
Resetting control 0.127 | 0.40 0.032 0.39 1.60 1.12 1.07 0.58  1809.2 1.24 1270.6 355
Switching control type-1 ~ 0.209 | 0.66 0.051 0.63 1.78 1.24 1.52 0.82  1898.3 1.30 947.2 26.5
Switching control type-2 ~ 0.254 = 0.81 0.064 0.80 1.67 1.17 1.21 0.65 1414.7 0.97 1413.8 39.5
Passive control 0.288 = 091 0.071 0.88 1.75 1.23 4.87 2.62 32799 2.25 1640.0 45.8
Uncontrolled 0.315 --- 0.081 --- 1.43 - 1.86 - 1458.6 --- 0.0 ---

Ol oSl (VAAY) S, W3l o 4l O Slexsle B STas (slageuly 5 - Jsax

con

X
| Meth max  —ma
ControlMethod —my Sere™ “(m)  Drife, (M) @ (mis) ame.  (kN)  vbrE (kN) W,

max max max

. sercon con con con
Drlftmax Dl’lftmax Amax amaX arms aRMS meax meax deax _deax

K¢=0.25K
Resetting control 0.284 = 0.73 0.071 0.72 1.05 0.85 1.49 037 22948 1.05 648.4 18.1
Switching control type-1 ~ 0.331 = 0.85 0.082 0.84 1.10 0.89 2.16 0.53 23599 1.08 470.9 13.2
Switching control type-2 ~ 0.374 = 0.96 0.094 0.95 1.25 1.01 2.12 0.52 21239 0.97 532.0 14.9
Passive control 0.339 = 0.88 0.086 0.87 1.22 0.98 3.30 0.81  2550.9 1.16 510.2 143
Uncontrolled 0.387 --- 0.098 - 1.24 --- 4.07 --- 2192.0 - 0.0 ---
K¢=0.5K
Resetting control 0214 = 0.55 0.053 0.54 1.27 1.02 1.18 029 22052 1.01 1010.3 28.2
Switching control type-1 ~ 0.282 = 0.73 0.070 0.71 1.14 0.92 1.73 042 23957 1.09 798.6 22.3
Switching control type-2 ~ 0.357 = 0.92 0.089 0.90 1.42 1.15 1.62 0.40 20519 0.94 1026.3 28.7
Passive control 0.289 = 0.75 0.074 0.75 1.33 1.07 3.52 0.86  2630.7 1.20 876.9 24.5
Uncontrolled 0.387 - 0.098 --- 1.24 - 4.07 --- 2192.0 --- 0.0 ---
Kd:K
Resetting control 0.144 = 0.37 0.035 0.36 1.84 1.48 0.91 022  2158.1 0.98 1414.2 39.5
Switching control type-1 ~ 0.222 = 0.57 0.054 0.55 1.53 1.24 1.42 0.35 23392 1.07 1168.2 32.6
Switching control type-2 ~ 0.319 = 0.82 0.079 0.81 2.01 1.62 1.37 0.34  1896.7 0.87 1414.6 39.5
Passive control 0.205 ' 0.53 0.053 0.54 1.37 1.11 3.60 0.88  2535.6 1.16 1267.8 35.4
Uncontrolled 0.387 --- 0.098 - 1.24 --- 4.07 --- 2192.0 --- 0.0 ---
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Control Method Xmax X(I:T?Qx Driftmax Driftli?z?x Amax aﬁ;);x arMs agj:/ls meax VbrCT?sz deax Fd max
(m) xe (m)  Drifte (MisY) e (MY auec (KN)  vbUe  (kN) W,
Kg=0.25K
Resetting control 0.243 = 0.78 0.060 0.77 1.30 1.06 1.62 0.70 1676.2 0.98 529.4 14.8
Switching control type-1 0.300 = 0.97 0.073 0.94 1.47 1.20 1.89 0.82 1938.7 1.13 387.6 10.8
Switching control type-2 ~ 0.273 = 0.88 0.070 0.90 1.03 0.84 1.77 0.77 1328.3 0.78 333.0 9.3
Passive control 0.339 = 1.09 0.086 1.10 1.43 1.17 3.03 1.31 24079 1.41 481.6 13.5
Uncontrolled 0.310 - 0.078 - 1.22 - 231 - 1712.6 - 0.0 -
Kg=0.5K
Resetting control 0.191 0.62 0.047 0.61 1.21 0.99 1.42 0.61 1777.2 1.04 871.3 243
Switching control type-1 ~ 0.281 = 0.90 0.068 0.88 1.63 1.33 1.90 0.83  2057.1 1.20 683.7 19.1
Switching control type-2 ~ 0.236 = 0.76 0.064 0.82 1.05 0.86 1.57 0.68 1192.2 0.70 597.5 16.7
Passive control 0.358 1.15 0.089 1.14 1.82 1.49 4.93 2.14 31294 1.83 1043.1 29.1
Uncontrolled 0.310 - 0.078 --- 1.22 - 2.31 - 1712.6 - 0.0 -
Kd:K
Resetting control 0.131 0.42 0.033 0.42 1.64 1.34 1.13 0.49 1938.5 1.13 1255.8 35.1
Switching control type-1 0242 = 0.78 0.058 0.75 1.94 1.59 1.88 0.82  2403.8 1.40 1200.2 335
Switching control type-2  0.188 | 0.61 0.055 0.70 1.16 0.95 1.38 0.60  989.9 0.58 729.5 204
Passive control 0.356 1.15 0.090 1.15 1.95 1.59 5.70 247  4049.1 2.36 2024.6 56.5
Uncontrolled 0.310 - 0.078 - 1.22 - 231 - 1712.6 - 0.0 -
6,800 oBug! (VAA0) aysS al )y cog addo O Jlaisle OB Jrigies slgwl -A -F Jgo
Control Method Xmax % Driftmax % 8max ﬁ arms % VDBimax % Fdmax Fd e
M) xmio (M Drifyy (M) any (M) agic kN) o vbps kN W,
Kg=0.25K
Resetting control 0.244 = 032 0.062 0.32 1.08 0.51 1.84 0.21 2216.9 0.49 751.6 21.0
Switching control type-1 0.458 = 0.59 0.115 0.59 1.49 0.70 3.87 0.45 3342.0 0.74 668.0 18.7
Switching control type-2 ~ 0.591 0.77 0.149 0.76 1.55 0.72 4.04 0.47 34759 0.77 870.2 243
Passive control 0.451 0.58 0.114 0.58 1.44 0.68 5.83 0.67  3479.1 0.77 695.8 19.4
Uncontrolled 0.771 - 0.195 - 2.14 - 8.68 - 4540.4 - 0.0 -
Kg=0.5K
Resetting control 0.182 = 0.24 0.045 0.23 1.34 0.63 1.27 0.15 2105.8 0.46 1033.5 28.9
Switching control type-1 ~ 0.309 = 0.40 0.076 0.39 1.31 0.61 2.69 031 26654 0.59 887.2 24.8
Switching control type-2 ~ 0.456 = 0.59 0.113 0.58 1.88 0.88 2.70 0.31 2687.8 0.59 1347.4 37.6
Passive control 0.278 = 0.36 0.069 0.35 1.33 0.62 2.74 0.32 24943 0.55 8314 232
Uncontrolled 0.771 - 0.195 --- 2.14 - 8.68 - 4540.4 --- 0.0 ---
Kd:K
Resetting control 0.113 = 0.15 0.029 0.15 1.52 0.71 0.90 0.10 1923.7 0.42 1212.4 33.9
Switching control type-1 0.225 = 0.29 0.056 0.29 1.71 0.80 1.97 0.23 2487.1 0.55 1241.8 34.7
Switching control type-2 ~ 0.332 = 0.43 0.084 0.43 2.60 1.22 1.87 022 1949.2 0.43 1947.7 54.4
Passive control 0.240 = 031 0.060 0.31 1.05 0.49 293 0.34 29222 0.64 1461.1 40.8
Uncontrolled 0.771 - 0.195 - 2.14 - 8.68 - 4540.4 - 0.0 -
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Control Method Xmax X(I:T?:X Driftmax Drift?l:);x Amax af::x arms a(I:?OI\r;IS Vbimax Vb?r?;x Fdmax Fd max
unc f 2 21
M) xme o (m)  Drifts () @ (mis) awe.  (kN) Vb (kN) W,
K¢=0.25K
Resetting control 0.099 = 0.69 0.026 0.71 0.44 0.75 0.60 0.67 914.9 1.06 154.0 43
Switching control type-1 ~ 0.115 = 0.80 0.027 0.73 0.48 0.82 0.71 0.78 953.2 1.11 158.4 4.4
Switching control type-2 ~ 0.130 = 0.91 0.034 0.91 0.49 0.85 0.68 0.75 798.0 0.93 187.5 52
Passive control 0.097 = 0.68 0.026 0.69 0.58 0.99 1.16 1.28 867.1 1.01 173.4 4.8
Uncontrolled 0.143 - 0.037 - 0.58 -—- 0.90 - 860.6 - 0.0 -
K¢=0.5K
Resetting control 0.084 = 0.59 0.023 0.62 0.44 0.76 0.57 0.63 816.2 0.95 215.6 6.0
Switching control type-1 ~ 0.101 = 0.70 0.027 0.72 0.47 0.80 0.66 0.73 872.1 1.01 183.0 5.1
Switching control type-2 ~ 0.124 = 0.86 0.033 0.88 0.53 0.91 0.61 0.68 782.6 0.91 341.1 9.5
Passive control 0.059 = 0.41 0.016 0.42 0.51 0.88 0.72 0.79 715.7 0.83 238.6 6.7
Uncontrolled 0.143 - 0.037 --- 0.58 --- 0.90 - 860.6 -- 0.0 -
Kd:K
Resetting control 0.078 = 0.55 0.019 0.51 0.51 0.88 0.58 0.64 808.5 0.94 306.2 8.6
Switching control type-1 ~ 0.088 ' 0.61 0.021 0.56 0.51 0.87 0.63 0.70 860.0 1.00 293.7 8.2
Switching control type-2 ~ 0.121 = 0.85 0.032 0.85 0.68 1.17 0.60 0.67 701.7 0.82 433.1 12.1
Passive control 0.061 = 0.43 0.017 0.45 0.59 1.02 0.88 0.98 849.3 0.99 424.7 11.9
Uncontrolled 0.143 - 0.037 -- 0.58 - 0.90 - 860.6 - 0.0 -
Ao o] (VAAQ) Lo plog) Al i) 5 cow ats B Sleislo CB sSTas slagwl, -V -F Jsuo
5SS
COﬂtl’Ol Method Xmax XIFT?QX Driftmax Drlftcmoanx Amax acmoanx arms ag&s meax be:anx deax _Fd max
(m)  xue (M) Drifte  (MsY) e (m/s?) aueo (kN)  vbUe (kN) W,
K¢=0.25K
Resetting control 0.296 = 0.51 0.074 0.50 1.34 0.74 2.57 040  2380.2 0.74 802.7 22.4
Switching control type-1 ~ 0.475 = 0.81 0.120 0.81 1.84 1.02 4.51 0.70 31704 0.98 634.1 17.7
Switching control type-2 ~ 0.473 = 0.81 0.119 0.80 1.61 0.89 3.66 0.57  2509.6 0.78 629.9 17.6
Passive control 0.594 = 1.01 0.151 1.02 2.11 1.16 8.14 1.26  4238.0 1.32 847.6 23.7
Uncontrolled 0.586 - 0.148 - 1.81 - 6.47 - 32194 - 0.0 -
K¢=0.5K
Resetting control 0.225 | 0.38 0.057 0.39 1.44 0.79 1.77 027 23744 0.74 1163.0 32.5
Switching control type-1 ~ 0.384 = 0.66 0.096 0.65 1.79 0.99 3.65 0.56 31332 0.97 1044.7 29.2
Switching control type-2 ~ 0.384 = 0.66 0.095 0.64 1.44 0.79 2.76 043  2068.5 0.64 1035.8 28.9
Passive control 0.542 = 0.93 0.136 0.92 2.28 1.26 7.60 1.17 45584 1.42 1519.5 424
Uncontrolled 0.586 - 0.148 - 1.81 - 6.47 - 3219.4 - 0.0 -
Kd:K
Resetting control 0.140 = 0.24 0.035 0.24 2.14 1.18 1.16 0.18  2446.8 0.76 1622.9 453
Switching control type-1 ~ 0.266 = 0.45 0.066 0.45 2.09 1.15 2.75 043 29783 0.93 1489.1 41.6
Switching control type-2 ~ 0.328 = 0.56 0.080 0.54 2.46 1.36 2.04 0.32 1810.1 0.56 1771.2 49.5
Passive control 0.302 = 0.52 0.076 0.51 1.41 0.78 5.21 0.81  3606.9 1.12 1803.4 50.4
Uncontrolled 0.586 --- 0.148 - 1.81 - 6.47 - 3219.4 -- 0.0 ---
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Control Method Xmax X(I:T?Qx Drlftmax Drlftli?z?x amaé aﬁ;);x aRMg Arms meax VbrCT?sz deax Fd max
(m)  xps, (M) Driftye, (M) are (M) awes  (kKN)  vbue  (kN) W,
K¢=0.25K
Resetting control 0.185 = 0.53 0.046 0.52 1.02 0.84 1.85 0.75 1343.6 0.73 447.3 12.5
Switching control type-1 ~ 0.281 = 0.80 0.070 0.78 1.30 1.07 2.19 0.89 1699.8 0.92 340.0 9.5
Switching control type-2  0.278 = 0.79 0.071 0.79 1.14 0.94 2.11 0.86 1409.5 0.77 354.2 9.9
Passive control 0.299 = 0.85 0.078 0.86 1.33 1.10 3.74 1.53  2027.7 1.10 405.5 113
Uncontrolled 0.351 - 0.090 - 1.21 - 2.45 - 1842.3 - 0.0 -
K4=0.5K
Resetting control 0.154 = 0.44 0.039 0.43 0.88 0.73 1.68 0.68 1502.6 0.82 764.1 213
Switching control type-1 0.238 = 0.68 0.059 0.66 1.34 1.11 2.14 0.87 1731.0 0.94 575.6 16.1
Switching control type-2 ~ 0.235 = 0.67 0.060 0.67 1.04 0.85 1.96 0.80 1334.2 0.72 660.0 18.4
Passive control 0.248 = 0.71 0.064 0.71 1.28 1.06 3.62 148 20183 1.10 672.8 18.8
Uncontrolled 0.351 - 0.090 - 1.21 - 2.45 - 1842.3 - 0.0 -
Kd:K
Resetting control 0.121 = 0.35 0.032 0.35 1.33 1.10 1.43 0.58 1648.5 0.89 1038.2 29.0
Switching control type-1 ~ 0.186 = 0.53 0.045 0.51 1.40 1.16 2.02 0.83 1792.7 0.97 894.6 25.0
Switching control type-2 ~ 0.245 = 0.70 0.061 0.68 1.79 1.48 1.82 0.74  1389.8 0.75 1389.3 38.8
Passive control 0.369 = 1.05 0.094 1.05 2.16 1.78 4.66 1.90  4032.8 2.19 2016.4 56.3
Uncontrolled 0.351 - 0.090 - 1.21 - 2.45 - 1842.3 - 0.0 -—-
'LS“'\JL;-.'.) olS.';...M_;“ \aay) TR ,9 ‘U)J) s A.a.Jo I\ LS‘L"“’L‘*' ;.;ls )..5L\> le.@@.ul_& -\Y -¢ Jﬁ..\?
con . 14 CON con con con
Control Method Xmax Xmax Drlﬁmax % amaé a"‘i aRMg M meax meax deax Fd max
(M X (M) Drft (M) e (mis) e (kN)  vbEe (kN) W,
K¢=0.25K
Resetting control 0.237 = 0.69 0.060 0.69 1.10 0.94 1.87 0.45 1754.6 0.95 586.7 16.4
Switching control type-1 ~ 0.284 = 0.83 0.073 0.83 1.12 0.96 2.53 0.61 2000.7 1.08 399.3 11.2
Switching control type-2 ~ 0.296 = 0.86 0.075 0.86 1.04 0.89 2.63 0.63 1508.9 0.82 377.4 10.5
Passive control 0319 = 0.93 0.081 0.93 1.23 1.05 3.81 0.92  2378.8 1.29 475.8 13.3
Uncontrolled 0.343 - 0.088 - 1.17 - 4.15 - 1849.7 - 0.0 -
K4=0.5K
Resetting control 0.190 = 0.56 0.047 0.53 1.18 1.01 1.53 0.37 1731.6 0.94 872.0 244
Switching control type-1 0.241 0.70 0.061 0.69 1.18 1.01 2.20 0.53 2102.1 1.14 700.3 19.6
Switching control type-2 ~ 0.276 = 0.80 0.070 0.80 0.99 0.84 2.08 0.50 1463.8 0.79 722.9 20.2
Passive control 0.289 = 0.84 0.072 0.82 1.31 1.12 4.80 1.16 25633 1.39 854.4 23.9
Uncontrolled 0.343 - 0.088 - 1.17 - 4.15 - 1849.7 - 0.0 -
Kd:K
Resetting control 0.137 = 0.40 0.032 0.37 1.67 1.42 1.20 0.29 1963.7 1.06 1272.8 35.6
Switching control type-1 ~ 0.202 = 0.59 0.048 0.54 1.50 1.28 1.93 0.47 1998.7 1.08 999.8 27.9
Switching control type-2 ~ 0.241 = 0.70 0.064 0.73 1.79 1.52 1.63 0.39 1283.0 0.69 1282.8 35.8
Passive control 0.250 = 0.73 0.063 0.71 1.55 1.32 4.82 1.16  2804.5 1.52 1402.3 39.2
Uncontrolled 0.343 - 0.088 - 1.17 -—- 4.15 - 1849.7 - 0.0 --
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. : con
Control Method Xmax X(I:T?Qx Drlftmax Drlftli?z?x amaé aﬁ;);x aRMg Arms meax VbrCT?sz deax Fd max
(m)  xpw (M) Driftye (M) awe (ST ames  (KN) o vbie o (KN) W,
Kg=0.25K
Resetting control 0.184 = 0.81 0.047 0.75 0.67 0.82 0.96 049  1422.0 0.95 4244 11.9
Switching control type-1 ~ 0.189 | 0.83 0.049 0.79 0.72 0.88 1.23 0.62  1461.2 0.98 275.0 7.7
Switching control type-2 0224 | 0.99 0.059 0.95 0.76 0.93 1.29 0.65 14409 0.96 355.1 9.9
Passive control 0.176 =~ 0.78 0.050 0.80 0.70 0.85 1.86 094  1607.6 1.07 3215 9.0
Uncontrolled 0.227 --- 0.062 - 0.82 --- 1.98 --- 1496.2 - 0.0 -
K¢=0.5K
Resetting control 0.154 = 0.68 0.039 0.62 0.77 0.93 0.84 042 13339 0.89 519.6 14.5
Switching control type-1 ~ 0.169 = 0.74 0.043 0.69 0.65 0.80 1.03 0.52  1476.0 0.99 456.6 12.8
Switching control type-2 ~ 0.220 | 0.97 0.057 0.91 0.93 1.13 1.10 0.56  1421.8 0.95 691.7 19.3
Passive control 0.139 = 0.61 0.042 0.68 0.77 0.94 1.95 099 16714 1.12 557.1 15.6
Uncontrolled 0.227 --- 0.062 - 0.82 --- 1.98 --- 1496.2 - 0.0 -
Kd:K
Resetting control 0.123 = 0.54 0.031 0.50 0.90 1.09 0.75 038 12438 0.83 649.3 18.1
Switching control type-1 ~ 0.146 | 0.64 0.036 0.58 0.80 0.98 0.90 045 14293 0.96 653.2 18.2
Switching control type-2 ~ 0.210 = 0.93 0.052 0.84 1.57 1.92 1.02 0.52  1312.0 0.88 1132.3 31.6
Passive control 0.103 = 045 0.028 0.46 0.73 0.89 2.24 1.13 1650.6 1.10 8253 23.1
Uncontrolled 0.227 --- 0.062 - 0.82 - 1.98 --- 1496.2 - 0.0 ---
ok sl VAVA) b 35 cow aa b 0 Slasle OB jiSTas szl -VF -7 Jgoo
con . +£4.con con con con
Control Method Xmax Xmax ~ Driftmax Drlftmax amaé Amax aRM; arms  Vbmax meax Fdmax I:dﬂ
(m)  xue (m) Driftye  (M/s7) awre  (mis7)  awe.  (KN)  vbue  (kN) W,
K¢=0.25K
Resetting control 0.100 © 0.41 0.027 0.46 0.57 0.46 0.91 0.45 881.6 0.63 190.5 5.3
Switching control type-1 ~ 0.131 = 0.54 0.032 0.54 0.73 0.59 1.22 0.60 963.9 0.68 149.2 42
Switching control type-2 ~ 0.160 = 0.66 0.043 0.72 0.83 0.67 1.16 0.57 1143.6 0.81 286.0 8.0
Passive control 0.102 = 0.42 0.027 0.45 0.64 0.51 1.49 0.73 825.9 0.59 165.2 4.6
Uncontrolled 0.242 --- 0.060 - 1.24 --- 2.03 --- 1408.0 - 0.0 ---
K¢=0.5K
Resetting control 0.089 = 0.37 0.024 0.40 0.55 0.44 0.80 0.40 832.9 0.59 297.2 8.3
Switching control type-1 ~ 0.102 = 0.42 0.027 0.45 0.63 0.51 1.07 0.52 821.9 0.58 2222 6.2
Switching control type-2 ~ 0.139 = 0.58 0.037 0.62 0.72 0.58 0.95 0.47 989.2 0.70 420.7 11.8
Passive control 0.113 | 0.47 0.029 0.48 0.78 0.63 1.50 0.74  1003.5 0.71 3345 9.3
Uncontrolled 0.242 - 0.060 - 1.24 - 2.03 - 1408.0 - 0.0 -
Kd:K
Resetting control 0.079 = 0.33 0.019 0.32 0.62 0.50 0.73 0.36 800.2 0.57 463.1 12.9
Switching control type-1 ~ 0.081 = 0.33 0.022 0.36 0.70 0.56 0.97 0.48 773.0 0.55 352.1 9.8
Switching control type-2 ~ 0.124 = 0.51 0.032 0.53 0.94 0.76 0.81 0.40 828.6 0.59 607.8 17.0
Passive control 0.210 = 0.87 0.055 0.91 1.50 1.21 297 1.46 24529 1.74 1226.5 343
Uncontrolled 0.242 --- 0.060 - 1.24 --- 2.03 --- 1408.0 --- 0.0 ---
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Uj).u Ko ‘ (H‘\Y) G g0 AJ)J) Cod M.Jo )

Sl OB sSlas slagul 10 -F Jyuo

. : con
Control Method Xmax X(I:T?:x Drlftmax Drlft?l:);x amaé af::x aRMg Arms meax Vb?r?;x deax Fd max
(m)  xpw (M) Driftye (M) are (s afls (KN)  wvbre o (KN) W,
Kg=0.25K
Resetting control 0.423 =~ 0.77 0.057 0.64 1.10 0.92 1.26 0.56 2400.5 0.84 678.3 9.3
Switching control type-1 0.449 = 0.82 0.061 0.68 1.18 0.99 1.55 0.68 2854.1 0.99 570.6 7.8
Switching control type-2 ~ 0.521 0.95 0.075 0.84 1.07 0.90 1.57 0.69 2563.3 0.89 640.9 8.8
Passive control 0.441 0.80 0.069 0.78 1.13 0.94 2.17 0.96 3308.1 1.15 661.6 9.1
Uncontrolled 0.548 - 0.089 - 1.19 --- 2.26 - 2870.7 - 0.0 -
K¢=0.5K
Resetting control 0.371 0.68 0.049 0.55 1.30 1.09 1.10 0.49 2345.6 0.82 963.5 13.2
Switching control type-1 0.416 = 0.76 0.055 0.61 1.21 1.01 1.38 0.61 2880.4 1.00 959.4 13.2
Switching control type-2 ~ 0.498 = 0.91 0.069 0.78 1.60 1.34 1.38 0.61 2330.2 0.81 1145.7 15.7
Passive control 0.395 = 0.72 0.056 0.64 1.16 0.97 2.77 1.22 3368.1 1.17 1122.7 15.4
Uncontrolled 0.548 - 0.089 --- 1.19 - 2.26 - 2870.7 - 0.0 -
Kd:K

Resetting control 0.298 © 0.54 0.038 0.43 1.97 1.65 1.00 0.44 2642.1 0.92 1531.9 21.0
Switching control type-1 0.359 = 0.66 0.046 0.52 1.85 1.55 1.22 0.54 2768.4 0.96 1381.9 19.0
Switching control type-2 ~ 0.469 = 0.85 0.069 0.78 2.03 1.71 1.30 0.57 2098.9 0.73 1574.4 21.6
Passive control 0.330 = 0.60 0.047 0.53 1.33 1.11 2.48 1.10 2933.8 1.02 1466.9 20.1
Uncontrolled 0.548 - 0.089 --- 1.19 --- 2.26 - 2870.7 - 0.0 ---

o, o] (1AAY) Sl a3y o aib Ve Slazsle GB 2Slas slageal, -VF —F Jgon

con . 14 CON con con con
Control Method Xmax Xmax Drlftmax Drlftmax amaé amax aRMg aF«’MS meax meax deax Fd max
m  xpe (M) Driftyy (Ms) ape (MSY) aglg  (KN)  vbopr o (kN) W,
Kg=0.25K
Resetting control 0.511 | 0.64 0.065 0.64 1.24 1.05 1.78 043 23237 0.73 911.4 12.5
Switching control type-1 ~ 0.641 = 0.80 0.080 0.78 1.29 1.10 2.67 0.64 2801.6 0.88 560.4 7.7
Switching control type-2  0.671 = 0.84 0.086 0.84 1.30 1.11 2.53 0.61  2859.6 0.89 716.0 9.8
Passive control 0.673 | 0.84 0.085 0.83 1.21 1.02 3.75 090  3398.7 1.06 679.7 9.3
Uncontrolled 0.802 --- 0.102 --- 1.18 - 4.16 - 31955 --- 0.0 ---
K¢=0.5K
Resetting control 0.417 | 0.52 0.052 0.51 1.67 1.41 1.50 036 23508 0.74 1314.2 18.1
Switching control type-1 ~ 0.543 = 0.68 0.068 0.67 1.25 1.06 2.20 0.53 27329 0.86 908.1 12.5
Switching control type-2 ~ 0.619 = 0.77 0.078 0.77 1.77 1.50 1.97 047  2716.8 0.85 1360.3 18.7
Passive control 0.548 © 0.68 0.070 0.68 1.19 1.00 3.64 0.87 33649 1.05 1121.6 15.4
Uncontrolled 0.802 - 0.102 --- 1.18 - 4.16 - 31955 --- 0.0 ---
Kd:K

Resetting control 0.287 | 0.36 0.036 0.36 2.68 227 1.21 029 29869 0.93 2106.5 28.9
Switching control type-1 ~ 0.471 = 0.59 0.060 0.59 1.79 1.52 1.93 0.46 28415 0.89 1421.5 19.5
Switching control type-2 ~ 0.503 = 0.63 0.063 0.62 2.92 2.47 1.56 037 24238 0.76 22535 31.0
Passive control 0.460 = 0.57 0.057 0.56 1.22 1.04 2.88 0.69  3581.4 1.12 1790.7 24.6
Uncontrolled 0.802 --- 0.102 --- 1.18 - 4.16 - 31955 --- 0.0 ---

\VO



TMA oSyl (V230) S a3l co aibs Vo Slazsle O iSlas slagaly VY =5 Jso

- H con
Control Method Xmax chrlljgx Drlftmax Drlftli?;x amaé ali?z?x aRM§ Arms meax be::x deax Fd max
(m  xpw (M) Driftye (M) are (s agys  (KN) o vbie o (kN) W,
K¢=0.25K
Resetting control 0.290 = 0.79 0.037 0.56 0.88 0.99 1.35 0.59  1386.3 0.77 478.3 6.6
Switching control type-1 ~ 0.357 = 0.98 0.049 0.75 0.97 1.08 1.79 0.79  1793.7 1.00 358.2 4.9
Switching control type-2 ~ 0.340 = 0.93 0.060 0.91 0.77 0.86 1.60 0.70  1537.0 0.86 384.8 5.3
Passive control 0416 = 1.14 0.063 0.95 1.07 1.19 2.60 1.14  2349.0 1.31 469.8 6.5
Uncontrolled 0.365 - 0.066 - 0.90 - 2.28 - 1796.3 - 0.0 -
K¢=0.5K
Resetting control 0.229 = 0.63 0.030 0.46 0.89 0.99 1.19 0.52  1346.0 0.75 710.4 9.8
Switching control type-1 ~ 0.327 = 0.90 0.041 0.62 1.06 1.18 1.61 0.71 1736.7 0.97 578.2 7.9
Switching control type-2 ~ 0.334 = 0.91 0.053 0.81 0.88 0.98 1.39 0.61 1185.2 0.66 449.7 6.2
Passive control 0458 = 1.25 0.060 0.92 1.06 1.18 2.63 1.15  2772.1 1.54 924.0 12.7
Uncontrolled 0.365 - 0.066 - 0.90 - 2.28 - 1796.3 - 0.0 -
Kde

Resetting control 0.166 = 0.45 0.024 0.37 1.38 1.54 1.06 047  1477.0 0.82 1063.1 14.6
Switching control type-1 ~ 0.280 = 0.77 0.038 0.57 1.16 1.30 1.45 0.64  1740.1 0.97 868.0 11.9
Switching control type-2 ~ 0.277 = 0.76 0.044 0.68 1.40 1.56 1.15 0.50  1095.6 0.61 1094.3 15.0
Passive control 0.397 = 1.09 0.051 0.77 1.08 1.20 3.18 1.39  3589.9 2.00 1794.9 24.7
Uncontrolled 0.365 - 0.066 - 0.90 - 2.28 -- 1796.3 -- 0.0 --

S o] (VA0) g8 W) o aids Vo Sleaslo OB STos

slagl VA -7 Jgox

con . i£rc0N con con con
Control Method Xmax Xmax Drlftmax Drlftmax amaé amax aRMg aF«’MS meax meax deax Fd max
m  xpe (M) Driftyy (Ms) ape (MSY) aglg  (KN)  vbopr o (kN) W,
Kg=0.25K
Resetting control 0.498 = 0.45 0.064 0.48 1.46 1.16 1.96 0.41 3031.3 0.66 951.0 13.1
Switching control type-1 0.730 = 0.65 0.089 0.66 1.13 0.90 2.82 0.59 37853 0.82 756.8 10.4
Switching control type-2 ~ 0.832 = 0.75 0.101 0.75 1.24 0.99 2.85 0.60  3480.0 0.75 871.3 12.0
Passive control 0.703 = 0.63 0.083 0.62 0.97 0.77 3.13 0.66 3714.8 0.80 743.0 10.2
Uncontrolled 1.116 - 0.134 -—- 1.25 -—- 4.75 - 4620.8 - 0.0 -
Kg=0.5K
Resetting control 0.408 = 0.37 0.051 0.38 2.03 1.62 1.65 035  2824.6 0.61 1456.2 20.0
Switching control type-1 0.578 | 0.52 0.070 0.52 1.64 1.31 2.26 0.48  3398.0 0.74 1131.0 15.5
Switching control type-2 ~ 0.670 = 0.60 0.085 0.63 1.83 1.47 2.28 048 27922 0.60 1374.8 18.9
Passive control 0.525 = 0.47 0.064 0.47 1.11 0.88 3.70 0.78  3188.5 0.69 1062.8 14.6
Uncontrolled 1.116 - 0.134 - 1.25 - 4.75 - 4620.8 - 0.0 -
Kd:K
Resetting control 0299 = 0.27 0.036 0.27 2.64 2.11 1.39 029 29974 0.65 2010.4 27.6
Switching control type-1 0472 = 042 0.058 0.43 2.42 1.93 2.03 0.43 3529.6 0.76 1764.3 242
Switching control type-2 ~ 0.561 0.50 0.075 0.56 2.71 2.16 1.93 0.41 2089.0 0.45 2086.8 28.7
Passive control 0.824 = 0.74 0.097 0.72 1.69 1.35 4.25 0.89  7135.6 1.54 3567.8 49.0
Uncontrolled 1.116 - 0.134 - 1.25 - 4.75 - 4620.8 - 0.0 -

\VF
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Control Method Xmax X:':r?gx Driftmax Driftli?;x Amax ali?z?x arms agl\r}ls meax be::x deax Fd max
(m) e (m)  Driftee (MsY) ate (mis?) aue. (KN)  vbUe  (kN) W,
K¢=0.25K
Resetting control 0.184 = 0.90 0.023 0.84 0.43 1.01 0.60 0.83 918.9 1.07 169.0 2.3
Switching control type-1 0.185 = 0.91 0.022 0.81 0.44 1.03 0.65 0.90 895.4 1.04 123.9 1.7
Switching control type-2 ~ 0.211 1.03 0.027 0.99 0.55 1.29 0.62 0.85 874.3 1.02 208.9 2.9
Passive control 0.177 = 0.87 0.024 0.88 0.47 1.09 0.91 1.26 1127.1 1.31 225.4 3.1
Uncontrolled 0.204 - 0.027 - 0.43 - 0.72 - 860.1 - 0.0 -
K¢=0.5K
Resetting control 0.183 0.90 0.022 0.81 0.44 1.03 0.58 0.80 919.4 1.07 221.0 3.0
Switching control type-1 ~ 0.180 = 0.88 0.022 0.80 0.44 1.04 0.63 0.88 903.2 1.05 184.1 2.5
Switching control type-2 ~ 0.215 1.05 0.027 1.00 0.44 1.03 0.61 0.84 900.1 1.05 240.2 33
Passive control 0.185 = 0.91 0.024 0.89 0.66 1.55 1.16 1.60 1381.8 1.61 460.6 6.3
Uncontrolled 0.204 --- 0.027 - 0.43 - 0.72 --- 860.1 - 0.0 ---
Kde
Resetting control 0.175 = 0.86 0.021 0.79 0.43 1.01 0.59 0.81 1052.4 1.22 400.6 55
Switching control type-1 0.174 = 0.86 0.021 0.80 0.47 1.11 0.62 0.86 1024.4 1.19 377.2 52
Switching control type-2 ~ 0.218 = 1.07 0.027 0.99 0.71 1.67 0.58 0.80 911.5 1.06 411.6 5.7
Passive control 0.174 = 0.86 0.022 0.80 0.59 1.38 1.02 1.40 1600.5 1.86 800.3 11.0
Uncontrolled 0.204 - 0.027 - 0.43 - 0.72 - 860.1 - 0.0 -
Qe oK ‘ (\%Aﬂ) Lu);Lojj G\JJJ) Cod d.o...lo \e LS'LQ.O > L ulﬁ ).S‘..\} ‘_gl.QG»JLv -Y. -% Jj..\}
Control Method ~ Xmx  Xmax  Driftwac Drfiftma  ane  @mac  agws  @evs Vb VPma  Fdme  Flma
M e D (mis) am (ms) am kN Ve (N W,
K¢=0.25K
Resetting control 0.545 = 0.70 0.070 0.66 1.29 0.88 1.99 0.64 2625.1 1.04 840.2 11.5
Switching control type-1 0.686 =~ 0.88 0.093 0.87 1.63 1.11 2.55 0.82 2691.3 1.07 537.8 7.4
Switching control type-2 ~ 0.688 = 0.89 0.095 0.89 1.15 0.79 2.30 0.74 2329.1 0.93 577.2 7.9
Passive control 0.723 = 0.93 0.094 0.87 1.45 0.99 3.71 1.19 3119.7 1.24 623.9 8.6
Uncontrolled 0.777 - 0.107 - 1.47 - 3.11 - 2516.2 - 0.0 -
K¢=0.5K
Resetting control 0417 = 0.54 0.055 0.51 1.85 1.26 1.84 0.59 2731.7 1.09 1449.4 19.9
Switching control type-1 0.629 = 0.81 0.088 0.82 1.92 1.30 2.39 0.77 2823.8 1.12 941.2 12.9
Switching control type-2 ~ 0.610 = 0.79 0.087 0.81 1.52 1.04 2.02 0.65 2204.5 0.88 1104.9 15.2
Passive control 0.631 0.81 0.079 0.74 1.35 0.92 3.83 1.23 3563.2 1.42 1187.7 16.3
Uncontrolled 0.777 - 0.107 - 1.47 - 3.11 - 2516.2 - 0.0 -
Kd:K
Resetting control 0.284 = 0.37 0.036 0.34 2.82 1.92 1.71 0.55 3111.1 1.24 2189.8 30.1
Switching control type-1 0.527 = 0.68 0.073 0.68 2.38 1.62 2.28 0.73 3258.7 1.30 1628.7 224
Switching control type-2 ~ 0.438 = 0.56 0.062 0.57 2.72 1.85 1.73 0.56 2094.6 0.83 2093.9 28.8
Passive control 0.605 = 0.78 0.074 0.69 1.62 1.11 4.50 1.45 4687.4 1.86 2343.7 322
Uncontrolled 0.777 - 0.107 - 1.47 - 3.11 - 2516.2 - 0.0 -

\VY
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. : con
Control Method Xmax chrlljgx Driftmax Drlftli?;x amaé ali?z?x aRM§ 8rms  Vbmax be::x Fdmax Fd max
(m  xpw (M) Driftye (M) are (s agys  (KN) o vbie o (kN) W,
Kg=0.25K
Resetting control 0.530 = 0.69 0.067 0.62 1.14 0.72 2.11 0.56  2779.8 0.86 827.6 11.4
Switching control type-1 0.627 = 0.82 0.083 0.77 1.56 0.98 2.93 0.78 3095.9 0.96 617.9 8.5
Switching control type-2 ~ 0.737 = 0.96 0.096 0.89 1.33 0.84 247 0.66  2730.1 0.84 654.9 9.0
Passive control 0.901 1.17 0.125 1.16 1.91 1.20 5.20 1.39 48582 1.50 971.6 13.3
Uncontrolled 0.768 - 0.108 - 1.58 - 3.74 - 3231.1 - 0.0 -
K¢=0.5K
Resetting control 0.407 = 0.53 0.051 0.48 1.61 1.02 1.76 047  2707.0 0.84 1287.9 17.7
Switching control type-1 0.537 = 0.70 0.082 0.76 1.43 0.91 2.61 0.70 3110.2 0.96 1036.5 14.2
Switching control type-2 ~ 0.704 = 0.92 0.090 0.84 1.62 1.03 2.08 0.56 24634 0.76 1082.0 14.9
Passive control 0.878 1.14 0.115 1.06 2.07 1.31 5.18 1.39 5304.3 1.64 1768.1 243
Uncontrolled 0.768 - 0.108 - 1.58 - 3.74 - 3231.1 - 0.0 -
Kde

Resetting control 0.279 = 0.36 0.035 0.33 2.57 1.62 1.49 040 29248 0.91 1969.6 27.1
Switching control type-1 0.489 = 0.64 0.066 0.62 1.97 1.24 2.32 0.62 3096.8 0.96 1530.4 21.0
Switching control type-2 ~ 0.657 = 0.86 0.085 0.79 2.64 1.67 1.82 049  2366.0 0.73 1868.7 25.7
Passive control 0.511 0.67 0.064 0.60 1.36 0.86 3.67 0.98 40352 1.25 2017.6 27.7
Uncontrolled 0.768 - 0.108 - 1.58 - 3.74 - 3231.1 - 0.0 -

sl ol (VAF) 2oy 5,08 A3l o aib Ve Slaisle OB iSTas glagealy -VY -8 Jsax

con . teLcon con con con
Control Method Xmax Xmax Drlftmax Drlftmax amaé Amax aRM; Arms meax meax deax Fd max
(m)  xue (m) Driftye  (M/s7) awre  (mis7)  awe.  (KN)  vbue  (kN) W,
K¢=0.25K

Resetting control 0.344 = 0.78 0.049 0.64 0.99 1.00 1.65 0.60 1406.5 0.81 472.9 6.5

Switching control type-1 0.407 = 0.92 0.061 0.80 1.16 1.17 2.02 0.74 1662.4 0.96 331.7 4.6

Switching control type-2 ~ 0.395 = 0.90 0.066 0.87 0.90 0.91 2.01 0.74 1365.5 0.79 319.4 44

Passive control 0.423 = 0.96 0.067 0.87 1.07 1.08 2.38 0.87 21442 1.24 428.8 59

Uncontrolled 0.440 - 0.076 - 0.99 - 2.73 - 1730.9 --- 0.0 -

Kg=0.5K

Resetting control 0.289 = 0.66 0.041 0.54 0.97 0.98 1.51 0.55 1499.3 0.87 835.6 11.5

Switching control type-1 ~ 0.383 = 0.87 0.059 0.78 1.25 1.26 1.84 0.67 1830.0 1.06 609.6 8.4

Switching control type-2 ~ 0.375 = 0.85 0.060 0.79 0.90 0.91 1.78 0.65 1278.0 0.74 641.0 8.8

Passive control 0.403 = 0.92 0.059 0.77 1.09 1.10 291 1.06  2465.7 1.42 821.9 11.3

Uncontrolled 0.440 - 0.076 - 0.99 - 2.73 - 1730.9 - 0.0 -

Kd:K

Resetting control 0.219 = 0.50 0.031 0.41 1.72 1.74 1.35 0.49 1910.0 1.10 1386.6 19.0

Switching control type-1 0.347 = 0.79 0.055 0.73 1.37 1.39 1.73 0.63 1735.7 1.00 865.7 11.9

Switching control type-2 ~ 0.312 = 0.71 0.048 0.63 1.58 1.60 1.56 0.57 1280.4 0.74 1279.1 17.6

Passive control 0.463 1.05 0.056 0.74 1.15 1.16 5.02 1.84 3761.8 2.17 1880.9 25.8

Uncontrolled 0.440 --- 0.076 - 0.99 --- 2.73 --- 1730.9 --- 0.0 ---

VYA
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Control Method Xmax :':r?gx Driftmax Driftli?;x Amax ali?z?x arms agl\r}ls meax be::x deax Fd max
(m)y x (M) Drift, (/s aue (misD)  ae. (kN)  vbie (kN) W,

max max max aRMS max

Kg=0.25K
Resetting control 0.344 = 0.72 0.040 0.69 0.77 1.17 1.17 0.57  1756.8 0.88 587.7 8.1
Switching control type-1 ~ 0.385 = 0.80 0.047 0.80 0.71 1.08 1.38 0.68  2019.3 1.01 403.0 5.5
Switching control type-2 ~ 0.417 = 0.87 0.050 0.86 0.63 0.96 1.49 0.73 17383 0.87 4349 6.0
Passive control 0.413 = 0.86 0.050 0.87 0.76 1.15 1.81 0.89 22873 1.14 457.5 6.3
Uncontrolled 0.480 --- 0.058 - 0.66 --- 2.04 --- 2001.5 --- 0.0 ---
Kg=0.5K
Resetting control 0.305 | 0.64 0.036 0.63 1.12 1.70 1.03 0.51  1594.0 0.80 895.3 12.3
Switching control type-1 ~ 0.350 = 0.73 0.041 0.71 0.91 1.38 1.27 0.62  1911.6 0.96 637.3 8.8
Switching control type-2 ~ 0.406 = 0.85 0.051 0.89 1.10 1.67 1.32 0.65 15233 0.76 739.5 10.2
Passive control 0.365 | 0.76 0.045 0.77 0.86 1.31 3.04 1.49  2528.6 1.26 842.9 11.6
Uncontrolled 0.480 - 0.058 --- 0.66 - 2.04 - 2001.5 - 0.0 -
Kde
Resetting control 0.254 = 0.53 0.030 0.51 1.47 2.24 0.86 042 19345 0.97 1155.1 15.9
Switching control type-1 ~ 0.314 = 0.66 0.037 0.64 1.28 1.95 1.15 0.57 20442 1.02 1020.8 14.0
Switching control type-2 ~ 0.394 = 0.82 0.053 0.92 1.46 221 1.21 0.60  1409.1 0.70 1053.9 14.5
Passive control 0.348 = 0.73 0.044 0.76 0.94 1.42 3.05 1.50  2985.6 1.49 1492.8 20.5
Uncontrolled 0.480 --- 0.058 - 0.66 --- 2.04 --- 2001.5 --- 0.0 ---

b o8] (VAYA) s &3 o ais Vo Slaislo OB STas slageul ~YF -8 Jgoor

Control Method X2 max  Driftmas DFiftid  aps  @max 8rws  2Rws Vbma VDOma  Fdpe  FOmex
m X ) D (mis) @ () age (N Vb kN W,

max max max aRMS

Kg=0.25K
Resetting control 0.261 | 0.64 0.033 0.59 0.68 0.89 0.88 049  1491.1 0.82 356.5 49
Switching control type-1 ~ 0.285 = 0.69 0.036 0.64 0.69 0.90 1.14 0.64 16729 0.92 334.4 4.6
Switching control type-2 ~ 0.318 = 0.77 0.043 0.76 0.67 0.88 1.12 0.62 15934 0.88 356.5 49
Passive control 0.250 = 0.61 0.034 0.60 0.65 0.86 1.52 0.85  1450.0 0.80 290.0 4.0
Uncontrolled 0.410 --- 0.056 --- 0.76 - 1.79 - 1819.5 --- 0.0 ---
K¢=0.5K
Resetting control 0219 = 0.53 0.026 0.46 0.69 0.91 0.76 042  1457.0 0.80 565.4 7.8
Switching control type-1 ~ 0.248 = 0.60 0.030 0.53 0.79 1.04 0.99 0.55  1647.0 0.91 547.8 7.5
Switching control type-2 ~ 0.305 = 0.74 0.039 0.70 0.78 1.02 0.96 0.53  1400.0 0.77 561.6 7.7
Passive control 0.205 | 0.50 0.027 0.49 0.69 0.90 1.41 0.79  1513.0 0.83 504.3 6.9
Uncontrolled 0.410 - 0.056 - 0.76 - 1.79 - 1819.5 - 0.0 -
Kd:K
Resetting control 0.183 © 0.45 0.024 0.43 0.89 1.16 0.71 0.40  1322.0 0.73 773.3 10.6
Switching control type-1 ~ 0.218 = 0.53 0.026 0.46 1.01 1.33 0.91 0.51 1521.7 0.84 759.9 10.4
Switching control type-2 ~ 0.285 = 0.69 0.037 0.66 0.95 1.26 0.85 0.47 1262.0 0.69 8223 11.3
Passive control 0.234 = 0.57 0.031 0.55 0.79 1.04 1.88 1.05 21439 1.18 1071.9 14.7
Uncontrolled 0.410 --- 0.056 --- 0.76 - 1.79 - 1819.5 --- 0.0 ---

A
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Wt oSl (VRAY) gimgiio 3l con aiab 10 Slaislo O 2Slas slagaly -Y0 - Jsax

. : con
Control Method Xmax chrlljgx Driftmax Drlftli?;x amaé ali?z?x aRM§ arms  Vbmax be::x Fdmax Fdﬂ
m  x (M) Driftyy, (M5 apr (S ags  (kKN)  vbpe (kN) W,
Kg=0.25K
Resetting control 0.566 | 0.65 0.049 0.65 1.05 1.15 1.29 0.45 25743 0.74 857.2 11.8
Switching control type-1 ~ 0.659 = 0.75 0.056 0.73 0.94 1.03 1.85 0.65  3205.1 0.92 641.0 8.8
Switching control type-2 ~ 0.698 = 0.80 0.061 0.81 1.00 1.09 1.74 0.61 27944 0.81 639.0 8.8
Passive control 0.733 | 0.84 0.063 0.83 1.04 1.14 2.76 0.96  3940.0 1.14 788.0 10.8
Uncontrolled 0.876 - 0.076 --- 0.91 - 2.86 - 3466.4 - 0.0 -
Kg=0.5K
Resetting control 0.468 = 0.53 0.044 0.58 1.67 1.83 1.11 0.39  2550.6 0.74 1321.9 18.2
Switching control type-1 ~ 0.591 = 0.67 0.048 0.64 1.32 1.44 1.56 0.55 32184 0.93 1071.3 14.7
Switching control type-2 ~ 0.650 = 0.74 0.059 0.78 1.48 1.62 1.42 0.50 24773 0.71 1103.8 15.2
Passive control 0.621 = 0.71 0.059 0.78 1.23 1.34 2.42 0.85  4080.7 1.18 1360.2 18.7
Uncontrolled 0.876 - 0.076 --- 0.91 - 2.86 - 3466.4 - 0.0 -
Kde
Resetting control 0.389 = 0.44 0.037 0.49 2.24 2.45 0.97 0.34  2970.9 0.86 1766.7 243
Switching control type-1 ~ 0.499 = 0.57 0.043 0.57 2.39 2.62 1.35 047 35257 1.02 1763.1 242
Switching control type-2 ~ 0.560 = 0.64 0.057 0.75 2.41 2.64 1.18 0.41  2092.0 0.60 1882.3 25.9
Passive control 0.450 = 0.51 0.045 0.60 1.20 1.32 2.20 0.77  4911.0 1.42 2455.5 337
Uncontrolled 0.876 - 0.076 --- 0.91 - 2.86 - 3466.4 - 0.0 -

Ol o] (1AAY) Sl a3y o ail V0 Slaxsle LB 2Slas slagealy -YF —F Jgomr

con . £ 100N con con con
Control Method Xmax Xmax Drlftmax Drlftmax amaé amax aRMg aF«’MS meax meax deax Fd max
(M xme (M) Driftyr (MY ape (M) afys  (KN)  vore  (kN) W,
Kg=0.25K

Resetting control 0.693 = 0.67 0.060 0.66 1.69 1.93 1.68 0.59  3427.6 0.95 1234.6 17.0

Switching control type-1 ~ 0.854 = 0.83 0.075 0.82 1.31 1.50 2.34 0.83  3782.0 1.05 755.7 10.4

Switching control type-2 ~ 0.852 = 0.83 0.078 0.84 0.99 1.13 2.08 0.73 32739 0.91 818.7 11.2

Passive control 0.944 = 0.92 0.082 0.89 0.96 1.10 3.85 136 42749 1.19 855.0 11.7

Uncontrolled 1.028 - 0.092 -—- 0.88 -—- 2.84 - 3599.7 - 0.0 -

K4=0.5K

Resetting control 0.617 = 0.60 0.054 0.58 2.46 2.81 1.41 0.50 31585 0.88 1848.2 25.4

Switching control type-1 0.755 © 0.73 0.067 0.73 1.93 221 2.12 0.75 42247 1.17 1407.7 19.3

Switching control type-2  0.735 = 0.71 0.063 0.68 2.05 234 1.78 0.63  3103.8 0.86 1549.8 21.3

Passive control 0.850 = 0.83 0.073 0.79 1.05 1.21 4.07 143 4684.5 1.30 1561.5 214

Uncontrolled 1.028 --- 0.092 --- 0.88 - 2.84 - 3599.7 --- 0.0 ---

Kd:K

Resetting control 0.486 = 0.47 0.043 0.47 2.64 3.02 1.27 045 27625 0.77 2088.8 28.7

Switching control type-1 ~ 0.702 = 0.68 0.061 0.66 2.90 3.31 1.85 0.65  4395.1 1.22 2194.5 30.1

Switching control type-2 ~ 0.571 = 0.56 0.051 0.56 2.74 3.13 1.49 0.53 26503 0.74 2113.4 29.0

Passive control 0.694 = 0.68 0.059 0.64 1.24 1.41 3.83 135 51247 1.42 2562.4 352

Uncontrolled 1.028 - 0.092 - 0.88 - 2.84 - 3599.7 - 0.0 -

VAA
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. : con
Control Method Xmax Xft?gx Drlftmax Drlftf::x amaé arct?anx aRMg Arms meax Vb?v?anx deax Fd max
(m  xpw (M) Driftye (M) are (M) agi (KN)  vbire o (kN) W,
K¢=0.25K
Resetting control 0.338 = 0.74 0.031 0.52 0.68 0.76 1.07 0.65 1705.4 0.69 458.6 6.3
Switching control type-1 0.393 = 0.86 0.048 0.79 0.93 1.03 1.35 0.83 2175.3 0.87 434.7 6.0
Switching control type-2 ~ 0.356 = 0.78 0.055 0.92 0.94 1.04 1.18 0.72 2095.8 0.84 490.2 6.7
Passive control 0.442 = 0.96 0.052 0.86 0.99 1.09 2.01 1.23 2562.9 1.03 512.6 7.0
Uncontrolled 0.458 - 0.061 - 0.90 - 1.63 - 2487.1 - 0.0 -
K¢=0.5K
Resetting control 0.300 = 0.66 0.027 0.44 0.95 1.05 0.98 0.60 1818.0 0.73 765.1 10.5
Switching control type-1 0.356 = 0.78 0.041 0.68 0.96 1.06 1.27 0.77 1962.9 0.79 654.4 9.0
Switching control type-2 ~ 0.366 =~ 0.80 0.051 0.85 0.91 1.01 1.03 0.63 1521.6 0.61 590.1 8.1
Passive control 0.366 = 0.80 0.043 0.71 0.88 0.98 2.19 134  2610.0 1.05 870.0 12.0
Uncontrolled 0.458 --- 0.061 --- 0.90 - 1.63 - 2487.1 - 0.0 -
Kde
Resetting control 0.251 0.55 0.021 0.35 1.47 1.63 0.93 0.57 1955.2 0.79 1163.9 16.0
Switching control type-1 0.314 = 0.69 0.034 0.57 1.27 1.40 1.19 0.73 2062.2 0.83 1030.4 14.2
Switching control type-2 ~ 0.379 = 0.83 0.042 0.69 1.55 1.72 0.98 0.60 1477.8 0.59 1171.1 16.1
Passive control 0.413 = 0.90 0.036 0.60 1.13 1.25 2.58 1.58 3417.2 1.37 1708.6 23.5
Uncontrolled 0.458 - 0.061 - 0.90 - 1.63 - 2487.1 - 0.0 -
S5 sl (VA90) a5 Wiy Cow aads VO Sleisln CB sSlas sbagwl, YA % Jsuo
con . “epcon con con con
Control Method Xmax Xmax  Driftmax Drlftmax amaé Amax aRMg Arms  VDpmax meax Fdmax Fdﬂ
M  xps (M Drifgl (M) al (Ms) aghe  (kN) o vbn o (kN) W,
Kg=0.25K
Resetting control 0.597 = 0.66 0.051 0.67 1.40 1.30 1.91 0.63 2779.7 0.83 1020.5 14.0
Switching control type-1 0.872 = 0.97 0.073 0.95 1.19 1.11 2.56 0.85 3654.0 1.09 730.9 10.0
Switching control type-2 ~ 0.705 = 0.78 0.061 0.80 0.90 0.84 2.14 0.71 2844.5 0.85 711.9 9.8
Passive control 1.154 1.28 0.100 1.31 1.27 1.17 4.42 146  5632.5 1.68 1126.5 15.5
Uncontrolled 0.903 - 0.077 - 1.08 - 3.02 - 3346.1 - 0.0 -
K¢=0.5K
Resetting control 0.490 = 0.54 0.045 0.58 1.86 1.73 1.62 0.54  2627.1 0.79 1439.9 19.8
Switching control type-1 0.807 = 0.89 0.068 0.88 1.80 1.67 242 0.80 37575 1.12 1253.1 17.2
Switching control type-2  0.591 0.65 0.058 0.75 1.54 1.43 1.87 0.62 2392.1 0.71 1196.8 16.4
Passive control 1.195 1.32 0.102 1.33 1.32 1.22 5.00 1.66 @ 6849.9 2.05 2283.3 314
Uncontrolled 0.903 - 0.077 - 1.08 - 3.02 - 3346.1 - 0.0 -
Kd:K
Resetting control 0.407 = 045 0.036 0.48 2.56 2.37 1.40 0.46  2990.2 0.89 1907.0 26.2
Switching control type-1 0.668 = 0.74 0.056 0.73 2.84 2.64 2.25 0.75  4167.2 1.25 2083.9 28.6
Switching control type-2 ~ 0.495 = 0.55 0.053 0.69 2.99 2.78 1.64 0.54 23014 0.69 2289.7 31.5
Passive control 0.773 = 0.86 0.067 0.87 1.04 0.96 343 1.14 59389 1.77 2969.5 40.8
Uncontrolled 0.903 - 0.077 - 1.08 - 3.02 - 3346.1 - 0.0 -

YAQ



o oKl (VAAY) 00 Wil o aids 10 Slaislo B ySlas lagwl -YA -5 Joux

. H con
Control Method Xmax Xﬁ?gx Driftmax Drlftf::x amaé arct?anx aRMg Arms VDbimax Vb?v?anx Fdmax Fd max
unc H
(m  xpw (M) Driftye (M) are (M) agi (KN)  vbire o (kN) W,
K¢=0.25K
Resetting control 0317 = 0.94 0.027 0.95 0.51 1.18 0.59 0.85  1333.6 0.98 166.4 23
Switching control type-1 ~ 0.308 = 0.91 0.026 0.95 0.42 0.98 0.62 0.90  1340.5 0.99 167.2 2.3
Switching control type-2 ~ 0.350 = 1.04 0.029 1.03 0.46 1.06 0.61 0.89 13535 0.99 273.6 3.8
Passive control 0.272 = 0.81 0.023 0.81 0.48 1.10 0.74 1.06  1347.0 0.99 269.4 3.7
Uncontrolled 0.338 - 0.028 - 0.43 -- 0.69 - 1360.7 - 0.0 -
K¢=0.5K
Resetting control 0317 | 0.94 0.026 0.95 0.59 1.37 0.59 085 13369 0.98 284.7 3.9
Switching control type-1 ~ 0.305 = 0.90 0.026 0.93 0.42 0.98 0.60 0.87  1322.7 0.97 3119 43
Switching control type-2 ~ 0.358 = 1.06 0.029 1.04 0.67 1.54 0.61 0.88 13495 0.99 298.8 4.1
Passive control 0.226 = 0.67 0.020 0.70 0.45 1.04 0.69 1.00 13282 0.98 442.7 6.1
Uncontrolled 0.338 --- 0.028 --- 0.43 - 0.69 - 1360.7 --- 0.0 ---
Kde
Resetting control 0.291 = 0.86 0.024 0.87 0.80 1.85 0.61 0.88 14125 1.04 594.3 8.2
Switching control type-1 ~ 0.287 = 0.85 0.024 0.87 0.72 1.65 0.60 0.86  1423.1 1.05 487.1 6.7
Switching control type-2 ~ 0.365 = 1.08 0.030 1.06 0.68 1.57 0.61 0.89 13788 1.01 429.3 59
Passive control 0.174 = 0.52 0.015 0.55 0.47 1.08 0.89 129 16788 1.23 839.4 11.5
Uncontrolled 0.338 - 0.028 - 0.43 -—- 0.69 - 1360.7 -- 0.0 -
oKl (VAAR) Ly pylag) a3 oo alilo V0 Slezsle OB iSTas slagewly -+ —F Joomr
con . 14 CON con con con
Control Method Xmax Xmax Drlftmax Drlftmax amaé amax aRMg aF«’MS meax meax deax Fd max
unc H
M X m) Drft (i) a (i) awe (kN)  vbre (kN) W,
K¢=0.25K
Resetting control 0.530 = 0.71 0.056 0.64 1.17 1.03 1.85 0.58 27758 0.81 730.0 10.0
Switching control type-1 ~ 0.660 = 0.88 0.068 0.78 1.35 1.19 2.38 0.75 28773 0.84 554.6 7.6
Switching control type-2 ~ 0.587 = 0.78 0.068 0.79 0.98 0.86 2.25 0.71  2950.7 0.86 737.7 10.1
Passive control 0.745 = 0.99 0.074 0.85 1.30 1.14 2.87 091 32495 0.95 649.9 8.9
Uncontrolled 0.751 - 0.087 - 1.14 -—- 3.16 - 3433.2 - 0.0 -
K¢=0.5K
Resetting control 0.469 = 0.63 0.045 0.51 1.68 1.47 1.62 0.51 25403 0.74 1309.2 18.0
Switching control type-1 ~ 0.641 = 0.85 0.064 0.74 1.47 1.29 2.16 0.68  3057.7 0.89 1019.2 14.0
Switching control type-2 ~ 0.579 = 0.77 0.058 0.67 1.63 1.43 1.88 0.60  2539.9 0.74 1270.0 17.4
Passive control 0.770 = 1.03 0.070 0.80 1.42 1.25 2.87 091  3430.0 1.00 11433 15.7
Uncontrolled 0.751 - 0.087 - 1.14 - 3.16 - 3433.2 - 0.0 -
Kd:K
Resetting control 0.410 = 0.55 0.039 0.46 2.73 2.40 1.48 047  3094.8 0.90 2114.7 29.0
Switching control type-1 ~ 0.614 = 0.82 0.064 0.74 1.88 1.65 2.00 0.63  3013.7 0.88 1506.8 20.7
Switching control type-2 ~ 0.572 = 0.76 0.057 0.65 2.76 2.42 1.69 0.53 23327 0.68 2123.5 29.2
Passive control 0.726 = 0.97 0.063 0.73 1.42 1.25 3.65 1.16  4666.1 1.36 2333.1 32.0
Uncontrolled 0.751 - 0.087 - 1.14 -- 3.16 - 3433.2 --- 0.0 -
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. H con
Control Method Xmax Xft?gx Drlftmax Drlftf::x amaé arct?anx aRMg Arms meax Vb?v?anx deax Fd max
m  xme (M) Driftyy, (M) ane (MisY) agss  (kN)  vbpre (kN) W,
K¢=0.25K
Resetting control 0.729 = 0.73 0.062 0.67 1.38 1.26 1.79 0.54 31188 0.74 1053.8 14.5
Switching control type-1 ~ 0.888 = 0.88 0.074 0.80 1.32 1.21 2.26 0.68  3261.2 0.78 651.1 8.9
Switching control type-2 ~ 0.928 = 0.92 0.079 0.86 1.19 1.09 2.28 0.69 34308 0.82 859.0 11.8
Passive control 0.945 | 0.94 0.080 0.86 1.24 1.13 2.22 0.67 3851.8 0.92 770.4 10.6
Uncontrolled 1.004 --- 0.093 --- 1.09 - 3.30 - 4188.6 - 0.0 ---
K¢=0.5K
Resetting control 0.575 = 0.57 0.050 0.54 2.21 2.03 1.60 049 31489 0.75 1729.8 23.8
Switching control type-1 ~ 0.800 = 0.80 0.067 0.73 1.55 1.42 1.97 0.60  3426.5 0.82 1141.9 15.7
Switching control type-2 ~ 0.852 = 0.85 0.075 0.81 2.05 1.88 1.95 059 3217.8 0.77 1610.2 22.1
Passive control 0.843 | 0.84 0.071 0.77 1.36 1.25 3.13 0.95  4695.5 1.12 1565.2 21.5
Uncontrolled 1.004 --- 0.093 --- 1.09 - 3.30 - 4188.6 --- 0.0 ---
Kde

Resetting control 0.427 | 043 0.037 0.39 3.14 2.88 1.37 042  3366.6 0.80 2466.8 33.9
Switching control type-1 ~ 0.669 = 0.67 0.057 0.62 2.34 2.15 1.83 0.56  3640.0 0.87 18194 25.0
Switching control type-2 ~ 0.689 = 0.69 0.064 0.69 3.28 3.01 1.83 0.55 28245 0.67 2528.2 347
Passive control 0.877 | 0.87 0.076 0.82 1.78 1.64 5.07 1.54  7589.0 1.81 3794.5 52.1
Uncontrolled 1.004 --- 0.093 --- 1.09 - 3.30 - 4188.6 --- 0.0 ---

s, oKl (VAAF) oy 595 43 cov aids 10 Sleaslo OB iSTas slagal -YY -F Joax

con . £ 100N con con con
Control Method Xmax Xmax Drlftmax Drlftmax amaé amax aRMg aF«’MS meax meax deax Fd max
(M xme (M) Driftyr (MY ape (M) afys  (KN)  vore  (kN) W,
Kg=0.25K
Resetting control 0.346 = 0.80 0.040 0.66 0.79 0.82 1.42 0.71 1717.0 1.07 486.5 6.7
Switching control type-1 ~ 0.411 = 0.95 0.051 0.84 1.15 1.20 1.80 0.90 1715.0 1.07 343.0 4.7
Switching control type-2 ~ 0.369 = 0.85 0.051 0.84 0.86 0.90 1.50 0.75 1543.4 0.96 385.9 5.3
Passive control 0.445 = 1.03 0.053 0.88 1.04 1.08 2.64 132 21913 1.36 438.3 6.0
Uncontrolled 0.434 - 0.061 -—- 0.96 -—- 2.01 - 1607.0 - 0.0 -
K4=0.5K
Resetting control 0310 =~ 0.71 0.033 0.55 1.07 1.11 1.31 0.65 1870.8 1.16 851.5 11.7
Switching control type-1 0.395 = 091 0.044 0.72 1.22 1.27 1.71 0.85 1866.4 1.16 622.1 8.5
Switching control type-2 ~ 0.342 = 0.79 0.045 0.74 0.94 0.98 1.32 0.66 1533.9 0.95 767.0 10.5
Passive control 0.442 = 1.02 0.048 0.78 1.00 1.04 2.92 145  2566.4 1.60 855.5 11.8
Uncontrolled 0.434 --- 0.061 --- 0.96 - 2.01 - 1607.0 --- 0.0 ---
Kd:K
Resetting control 0.280 = 0.65 0.026 0.43 1.78 1.85 1.21 0.60  2125.6 1.32 1387.4 19.1
Switching control type-1 ~ 0.379 = 0.87 0.037 0.61 1.26 1.31 1.60 0.80 21295 1.33 1064.8 14.6
Switching control type-2 ~ 0.285 = 0.66 0.033 0.55 1.92 1.99 1.21 0.60  1539.8 0.96 1507.4 20.7
Passive control 0422 = 097 0.041 0.68 1.07 1.12 2.34 1.17  2999.7 1.87 1499.8 20.6
Uncontrolled 0.434 - 0.061 - 0.96 - 2.01 - 1607.0 - 0.0 -
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Control Method Xmax cr:r?gx Driftmax Driftf::x Amax arct?anx arMms a?lcls meax Vb?v?anx deax Fd max
(m) xume (m)  Driftee  (m/s) ae  (m/sY) aue (kN)  vbie o (kN) W,

max max max aRMS max

K¢=0.25K
Resetting control 0.445 = 0.55 0.036 0.51 0.88 1.22 1.31 047 19274 0.63 677.4 9.3
Switching control type-1 ~ 0.616 = 0.76 0.055 0.78 0.76 1.05 1.99 0.72  2759.4 0.90 552.0 7.6
Switching control type-2  0.641 = 0.79 0.055 0.77 0.74 1.03 1.82 0.66  2286.2 0.74 544.6 7.5
Passive control 0.700 = 0.86 0.060 0.84 0.70 0.97 291 1.05 35142 1.14 702.8 9.7
Uncontrolled 0.813 --- 0.071 --- 0.72 - 2.78 - 3076.1 --- 0.0 ---
Kg=0.5K
Resetting control 0.400 = 0.49 0.033 0.47 1.35 1.87 1.12 0.40  1835.6 0.60 1034.0 14.2
Switching control type-1 ~ 0.510 = 0.63 0.044 0.63 1.15 1.61 1.69 0.61 27689 0.90 923.1 12.7
Switching control type-2 ~ 0.567 = 0.70 0.048 0.68 1.17 1.63 1.57 0.57  1963.4 0.64 939.0 12.9
Passive control 0.506 = 0.62 0.045 0.63 0.69 0.95 2.44 0.88  2969.6 0.97 989.9 13.6
Uncontrolled 0.813 --- 0.071 --- 0.72 - 2.78 -—- 3076.1 --- 0.0 ---
Kde
Resetting control 0.323 | 0.40 0.027 0.38 1.80 2.50 0.95 034 18185 0.59 1328.5 18.2
Switching control type-1 ~ 0.429 = 0.53 0.036 0.51 1.66 2.30 1.40 0.51 25815 0.84 1290.2 17.7
Switching control type-2 ~ 0.453 = 0.56 0.038 0.54 2.11 2.93 1.28 046  1660.7 0.54 1657.6 22.8
Passive control 0.422 = 0.52 0.037 0.53 0.79 1.10 1.65 0.59 33943 1.10 1697.1 233
Uncontrolled 0.813 --- 0.071 --- 0.72 - 2.78 - 3076.1 --- 0.0 ---

o Bl (VAVA) b Ay cow anb VO Slesle o8 iSTlos slagewl V¥ -F Jgo
) < (Gl 9

Control Method X2 max  Driftmas DFiftid  aps  @max 8rws  2Rws Vbma VDOma  Fdpe  FOmex
m X ) D (mis) @ () age (N Vb kN W,

max max max aRMS

Kg=0.25K
Resetting control 0.310 = 0.78 0.028 0.73 0.56 0.96 0.77 0.69  1493.4 0.87 461.5 6.3
Switching control type-1 ~ 0.352 = 0.88 0.032 0.84 0.65 1.12 0.92 0.83 14508 0.85 288.3 4.0
Switching control type-2 ~ 0.387 = 0.97 0.036 0.94 0.55 0.95 0.82 0.73  1559.2 0.91 289.1 4.0
Passive control 0370 = 0.93 0.035 0.93 0.69 1.18 1.34 1.19 21513 1.26 430.3 5.9
Uncontrolled 0.397 --- 0.038 --- 0.58 - 1.12 - 1710.9 --- 0.0 ---
K¢=0.5K
Resetting control 0.287 | 0.72 0.027 0.71 0.91 1.56 0.71 0.63  1569.9 0.92 799.9 11.0
Switching control type-1 ~ 0.326 = 0.82 0.029 0.78 0.64 1.11 0.87 0.78  1640.5 0.96 546.9 7.5
Switching control type-2 ~ 0.368 = 0.93 0.034 0.89 0.62 1.06 0.75 0.67  1529.5 0.89 489.9 6.7
Passive control 0.426 = 1.07 0.036 0.95 0.78 1.34 1.72 1.54 26788 1.57 892.9 12.3
Uncontrolled 0.397 - 0.038 - 0.58 - 1.12 - 1710.9 - 0.0 -
Kd:K
Resetting control 0.253 | 0.64 0.024 0.64 1.56 2.67 0.66 0.59 18282 1.07 1271.9 17.5
Switching control type-1 ~ 0.304 = 0.77 0.027 0.72 1.15 1.97 0.85 0.76  2013.0 1.18 1006.6 13.8
Switching control type-2 ~ 0.346 = 0.87 0.032 0.85 0.92 1.58 0.71 0.63 1457.1 0.85 769.3 10.6
Passive control 0.260 = 0.66 0.024 0.62 0.67 1.15 1.41 126 22224 1.30 1111.2 15.3
Uncontrolled 0.397 --- 0.038 --- 0.58 - 1.12 - 1710.9 --- 0.0 ---
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Abstract

Recent near-field earthquakes have shown the vulnerability of structures that have been
designed and constructed according to the current seismic codes. Near-Field
earthquakes are characterized by high peak ground acceleration and a long period
velocity pulse as well as a large ground peak velocity and displacement. Such
characteristics are considered responsible for severe damages to buildings and other
infrastructures that have been designed according to the current seismic codes. Hence,
decreasing of damages to the structures subjected to near-field earthquakes is an
important issue for mitigating the human and economic losses.

As an alternative to the conventional structural design, the control systems can be
adopted. In this context, semi-active control systems are more promising than passive
and active control systems. Since the peak ground acceleration or velocity of the near-
field earthquake occurs in the form of a shock, rather than a gradual build-up, current
semi-active devices may not dissipate energies quickly enough to prevent a serious
damage to structures.

In this research, a new innovative semi-active resettable device by using MR-fluid
Is introduced, designed and studied for vibration control of structures subjected to near-
field earthquakes. The novel device consists of a cylinder-piston system with a control
valve and a magneto-rheological valve (MR-valve) mounted on a bypass pipe
connecting two sides of the cylinder. The MR-valve is used as energy dissipater in this
device. The proposed device can be set by changing the stiffness and the damping of the
device independently. In addition, the hysteresis behavior can be changed by using
different control logics for control valve. Moreover, by changing the adjustable device
parameters, a wide range of stiffness is obtainable.

Two mathematical models i.e., linear and non-linear models were established for
the device force-displacement relation. For evaluating the device performance and
validating the mathematical models, two prototypes are designed and manufactured. A
series of quasi-static and dynamic experiments were conducted at the Structural
Dynamics Laboratory of the Hong Kong Polytechnic University. Experimental results
confirmed the mathematical models.

Three different control logics are introduced and by numerical simulations, the
performance of these methods applied to a single degree of freedom (SDOF) system is
studied. The simulation results show that the proposed device reduced input energy
level of the SDOF system and the energy dissipation rate is more than an uncontrolled
system.

The comprehensive performance of the new device is evaluated by numerical
simulations. To this end, the seismic behavior of 5-story, 10-story and 15-story building
models, equipped with proposed resettable device, subjected to near-field earthquakes
are studied. The study considers three different control methods in reducing response of
the building subjected to different near-field earthquakes. Results show the efficiency of
proposed devices in controlling seismic response of the buildings. However, each
control methods present different advantages based on input near-field earthquake and
building characteristics.

Keywords: near-field earthquake; vibration control; semi-active control; resettable
device; seismic response; variable stiffness; MR-fluid.
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